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I.  lOTRQDUCTION 


Irrigation  Is  an  essential  operation  In  some  cltzus  areas.  A 
California  citrus  specialist  (19)  has  stated:  "It  has  been  truly  said 

that  Irrigation  Is  the  most  Isqportant  operation  under  the  control  of 
the  grower.  The  benefits  of  more  frequent ^ light.  Irrigations  are  so 
obvlcus  for  many  groves  that  no  one  can  afford  to  be  con5>lacent  ab«it 
trying  to  ln5>rove  the  situation."  Apparently  there  Is  no  question 
re^u:'dlng  the  value  of  Irrigation  In  that  state. 

Many  citrus  growers  have  too  easily  assumed  that  It  was  essential 
In  Florida  also*  Many  years  of  experience  and  research,  however,  have 
failed  to  settle  definitely  the  value  of  this  practice  here. 

Many  discussions  as  to  the  feasibility  of  Irrigation  practices 
adapted  to  Florida  citrus  conditions  have  been  held.  In  1950  Dr.  Werner 
Bismann,  General  Manager  of  Apshawa  Groves,  Inc.,  near  Clennont  In  lAka 
County,  In  a conversation  with  the  author,  raised  the  question:  'Does 

Irrigation  pay?"  IXirlng  the  ensuing  discussion  a decision  \ras  made  to 
Investigate  the  matter  under  field  operating  conditions.  Dr.  ffiiamarm 
offered  favorable  cooperation  and  the  facilities  of  his  or^ualzatlon. 

The  present  research  was  undertaken  to  obtain  additional  data  over_ 
a period  of  years  which  might  permit  a concJ^^ve  answer  to  the  qpiestlon 
of  whether  irrigation  pays  as  a prod^tl«  practice  In  Florida. 
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II.  REVIEW  OF  LITERATURE 


Mich  has  been  written  concerning  irrigation  in  every  agricul- 
tural area  of  the  worM.  In  Florida  there  has  been  a fairly  con- 
stant stream  of  articles  and  papers  with  regard  to  the  practice,  but 
it  is  only  within  recent  times  that  there  have  appeared  atteiig[>t8  to 
really  get  to  the  bottom  of  the  matter  to  unearth  information 
of  more  or  less  conclusive  value.  There  have  been  nany  ramifications 
explored.  Approaches  have  been  made  from  laboratory  study  as  well 
as  from  research  in  the  field.  Since  the  present  studies  were 
entirely  from  the  standpoint  of  field  condltiona,  it  has  been  felt 
necessary  to  confine  a dlscussi<»  of  the  literature  to  those  papers 
which  refer  to  such  conditions  and  bear  upon  the  various  phases  of 
the  problem  currently  explored. 

Rainfall  is  the  primary  source  of  water  for  Florida  citrus 
groves.  Horticultural  workers  have  often  called  attention  to  the 
fact  that,  althou^  the  annual  rainfall  is  adequate  for  the  needs 
of  the  crop,  the  distribution  pattern  results  in  periodic  droughts. 
Wakelin  (k6)  noted  that  in  the  winter  of  I906-07  the  usual  fall 
drou^t  had  spread  over  the  entire  winter  and  merged  with  the  ex- 
pected spring  drought,  giving  many  sections  of  the  state  the  driest 
period  known  in  history.  In  the  discussion  whl<di  followed  this 
paper  L.  B.  Skinner  recalled  the  drought  of  IS97-98  which  killed 
whole  regions  of  pine  woods  and  oak  woods  in  Pinellas  County.  Hoard 
(11)  in  1908  noted  that  the  scarcity  of  rainfall  had  been  gradually 
getting  worse  for  the  past  two  or  three  seasons  until  at  that  time 
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Irrigation  (viiich  vas,  of  course^  the  only  remedy)  vas  regarded  as 
almost  essential.  Stevens  however,  concluded  that  irrigation 

is  not  an  absolute  necessity  in  Florida,  as  it  is  in  saae  states, 
but  that  it  can  be  made  to  serve  a very  good  purpose  if  properly  used. 

Williams  (47)  was  convinced  of  the  need  to  supplement  i^lnfall  as 
an  insurance  against  crop  failures  during  dry  periods.  TO  substantiate 
his  ctaiclusions  he  coo5>ared  the  rainfall  records  of  Florida  with  those 
of  Milan,  Italy,  and  Riverside,  California.  The  strcmg  feeling  of 
similarity  ejtpressed  by  him  between  the  problem  in  California  and  that 
in  Florida  was  not  xmiversally  accepted  by  his  audience. 

From  a study  of  rainfall  over  a period  of  22  years  at  Orlando, 
Stanley  (4o)  concluded  in  1914  that  irrigation  would  have  been  bene- 
ficial in  17  years.  Seven  years  had  been  veiy  diy,  "or  one  year  in 
three  had  been  dry  enough  to  make  the  most  skeptical  wish  that  he 
had  scmie  way  of  watering  his  trees".  He  stated  that  the  groves  should 
have  been  watered  38  times  to  get  the  best  results  and  tdiat  the  loss 
from  two  years  (1897-98  and  1906-07)  alone  would  have  paid  for  an 
efficient  irrigation  plant,  Sy  1916  Stanley  (42)  had  come  to  the 
conclusion  that  irrigation  in  Florida  should  be  entirely  aupplentental 
to  rainfall.  He  felt  that  it  was  re<3ulred  during  approKLmately  one- 
half  the  years  and  was  not  a necessity  as  in  the  West. 

Staebner  (38)  also  considered  that,  because  of  the  rainfall 
distribution,  irrigation  would  probably  show  a profit  in  about  one- 
half  of  the  years.  In  1920  Kay  (l4)  concurred  with  the  remarks  of 
Staebner  that  irrigation  appeared  to  be  needed  during  10  of  the 
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past  20  years. 

By  1928  Deaisk  (4)  noted  that  grove  irrigation  in  Florida  was 

rapidly  becoming  one  of  the  standard  operatl^s  in  citrus  culture. 

He  felt  that  the  reason  for  such  unusual  activity  and  interest  was 

obvious  since,  although  there  Is  an  average  of  about  50  inches  of 

rainfall  per  year,  groves  suffer  during  spring  or  fall  in  five  out 

of  seven  years  due  to  poor  distribution,  Fr<an  a study  of  35  ^ars 

of  rainfall  records  he  found  that  the  nmthly  rainfall  was  often 

Insufficient  for  the  needs  of  the  trees.  During  this  period  he 

calculated  that  monthly  rainfall  was  deficient  in  the  different 

months  during  the  following  number  of  years  out  of  the  total  35: 

January  10  May  I5  September  2 

February  16  JUne  ) October  10 

24  July  ) gjjoyji  Noveniber  23 

April  25  August)  December  10 

DeBisk  considered  that  lednfall  was  deficient  if  during  the 
month  there  was  evidence  of  shedding  of  bloom,  young  fruit,  and 
even  mature  fruit  during  the  fall  and  winter.  Other,  more  Intangi- 
ble effects,  such  as  influence  on  size  and  (luallty  of  fruit,  were 
discussed  also  but  he  did  not  elaborate  on  these.  He  stated  that 
the  results  of  winter  and  early  spring  irrigation  of  the  two  previous 
years  indicated  that  winter  irrigation  may  be  hij^xly  desirable  under 
Florida  ccmdltions. 

In  1933  DeRisk  (5)  gave  the  results  of  a 9-year  study  (1924-33) 
of  the  correlation  of  daily  rainfall  and  soil  moisture  with  citrus 
yields  and  size  of  fruit.  Complete  data  were  shown  for  el£^t  of 
the  nine  years.  Five  of  these  years  were  rated  with  less  than  a 100 
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percent  crop;  two  were  dry  during  the  fall  period,  while  all  of  t.h«»tn 
showed  drought  periods  during  the  spring  months. 

We  are  in  the  midst  of  a severe  drougjit  so  far  as  the  citrus 
section  is  concerned",  said  O' Byrne  (22),  speaking  before  the  meeting 
of  the  Florida  State  Horticultural  Society  in  April  of  1939.  He 
felt  that  with  the  timber  being  cut,  groves  planted,  swamps  drained, 
and  run-off  of  leinfall  accelerated,  droughts  were  becoming  more 
frequent  and  severe.  Ihis  seemed  to  him  to  be  true  at  least  in  the 
Ridge  section  of  the  state.  A severe  drought  been  suffered 
during  May  of  1938,  and  the  following  winter  been  dry.  Some . 
tangerine  trees  had  died  as  a result  of  the  latter  drought. 

The  fact  of  poor  distribution  of  rainfall,  with  many  periods  of 
Insufficiency,  has  been  impressed  upon  everyone  who  has  worked  with 
citrus  in  Florida.  The  general  thought  \diich  pervades  the  literature 
is  that  irrigation  oust  be  ccmsidered  sioply  as  needed  to  supplement 
inadequate  rainfall  during  an  average  of  one-half  of  the  years,  rather 
than  as  an  obligate  operation  to  be  practiced  every  year. 

Practically  all  of  the  water  which  enters  the  citrus  tree  finds 
access  through  the  root  system.  Therefore,  many  have  directed 
their  attention  to  soil  moisture  studies. 

Stanley  (Ul,  42)  discussed  results  obtadLned  tr<m  soil  moisture 
studies  with  samples  taken  every  foot  to  a depth  of  six  feet.  His 
data,  however,  are  meagre.  In  replying  to  a question,  he  (42)  ad- 
mitted that  at  the  time  (April,  1916)  in  some  locations  in  the 
central  part  of  the  ttate,  the  ground  was  as  dry  as  powder  down  to 
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six  feet  and  yet  the  trees  still  ranalned  alive;  hut  he  considered  ' 
that  a moist  soil  candltlon  was  necessary  for  nxMetTnura  fruiting 
and  heat  tree  condition. 

Reporting  on  Brevard  County  ejjperlments  in  1925,  Kay  (I5) 
attention  to  el£^t  different  soil  types  and  11  xdiases  which  prf»v»i  i 
in  the  area  and  idiich  all  present  prohlems  of  both  deficient 
excessive  moisture.  He  found  that,  CKjntrary  to  assuioption,  variations 
in  moisture  content  at  different  locaticxxs  under  the  tree  were  as 
great  as  those  in  any  verticsO.  section.  In  several  instances  tejoder, 
dry  roots,  half  an  inch  or  more  in  diameter,  were  found  at  depths 
from  six  to  ten  Inches  encased  in  a dry  cylinder  of  soil  about  el^t 
inches  in  diameter.  In  one  instance  there  was  only  1,6k  percent 
moisture  in  the  dry  cylinder  whereas  the  soil  surrounding  the  cylinder 
contained  from  6 to  7 percent  of  moisture.  Kay  noted  that  it  was 
almost  ingpossihle  to  ohtedn  saturation  in  the  Norfolk  soils.  In 
these  yellow  soils  he  found  a great  range  in  capillary  action,  hut 
the  maxlnron  (in  a capillary  tube)  did  not  exceed  l3  indies.  Moist 
soil  showed  a greater  range  than  did  dry  soil.  The  nsoisture  content 
under  the  irrigation  furrow  in  a Horfolk  sand  was  found  to  he 
than  that  at  the  same  depth  lying  18  inches  either  to  the  right  or  to 
the  left  of  tte  fUrrow.  He  noted  that  while  the  plant  will  grow  in 
coarse  sand  at  2 percent  moisture  content,  it  will  show  wilt  in  a fine 
sandy  loam  with  10  percent  moisture. 

0*Byme  (22)  observed  that  the  damages  in  the  tree  from  drou^t 
were  greater  in  groves  planted  on  poorly-drained  soils,  and  that  soils 
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underlain  with  clay  were  letter  ahle  to  hold  moisture. 

In  a paper  gjlven  in  19^5  Jamison  (13)  discussed  two  types  of 
nonowettability  of  soils.  One  type  resulted  singly  from  drying 
the  other  appeared  to  occur  as  "dry  bodies"  beneath  the  citrus  trees. 
This  latter  type  was  usually  10  to  50  tines  more  difficult  to  wet 
than  the  same  kind  of  soil  from  the  tree  middlea, 

Jaiuisoa  presented  four  figures  to  show  the  way  in  which  the 
soil  wets  after  irrigation.  He  called  attention  to  the  questionable 
vahie  of  soil  moisture  detenriinatioas,  taken  either  directly  or  with 
the  use  of  Instrumaxts,  on  the  deep  sandy  soils  of  the  Ridge  due  to 
irregularities  of  wetting.  He  found  that  the  soil  was  not  equally 
wetted  even  etfter  long  periods  of  rainfall. 

FUrr  (7)  discussed  the  uneven  drying  of  the  soil  resulting 
from  the  non-uniform  distribution  of  roots.  Trees  with  healthy 
root  systems  were  found  not  likely  to  wllt^  even  under  rather  severe 
drought  conditions,  tmtil  well  over  half  of  the  aanaJ  i absorbing 
roots  were  in  soil  at  moisture  contents  in  the  wilting  range. 
i^Rparently,  contrary  to  some  thought,  desiccation  of  roots  did  not 
occur  (except  in  the  zone  affected  by  surfGu:e  evaporation)  until 
all  the  root  zone  was  dry.  I^rom  studies  on  Orlando  fine 
Norfolk  (lakeland)  fine  sand  he  considered  it  appeuent  that 
periods  of  drought  the  amounts  of  water  absorbed  by  trees  in  deep 
li^t  sand  at  depths  below  three  or  four  feet  may  be  very  appreciable. 
He  gave  figures  for  the  amount  of  available  water  in  these  soils 
by  acre-inches. 
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With  8o  percent  efficiency/  Purr  considered  3.2  to  5.I  acre- 
inches  (155U  to  2U69  gallons  per  tree)  needed  to  supply  moisture 
deficiencies  found  in  his  soil  san^lings.  He  thought  it  would  he  most 
practical  to  wet  to  six  or  eight  feet,  and  poor  economy  to  wet  to  less 
than  four  feet.  Since  systematic  soil  samplings  are  not  practicable 
for  general  grove  irrigation  management,  he  suggested  frequent  observa- 
tions made  with  the  use  of  a soil  auger.  If  it  can  be  avoided,  trees 
should  not  be  allowed  to  dry  out  to  the  point  where  they  show 
definite  wilting. 

K60  (17)  studied  soil  moisture  fluctuaticais  on  fine 

sand  planted  to  Marsh  grapefruit  on  Rough  lemon  rootstock  at  taVa 
Alfred.  He  found  field  capacity  values  ranging  from  U.85  percent 
in  the  0-6-inch  zone  to  3.38  percent  in  the  66- 72-inch  depth. 

Permanent  wilting  percentages  varied  from  O.80  percent  in  tl.e  surface 
12  inches  to  O.60  percent  at  depths  of  1»8  to  72  inches.  He  noted 
that  large  numbers  of  sac5>les  are  necessary  to  evaluate  moisture 
contents  of  the  soil  properly,  and  that  there  was  a close  correlation 
between  the  distribution  of  feeder  roots  and  moisture  loss  at  the 
different  depths  in  the  soil.  Moisture  loss  was  obtained  during 
intervals  of  no  precipitation  ^dien  the  percentage  of  soil  moisture 
was  below  field  capacity,  so  that  decreases  in  soil  moisture  repre- 
sented losses  through  transpiration  by  the  trees  and  evaporation 
from  the  ground  surface. 

Pot  and  field  ejqperiments  conducted  by  Kbo  Indicated  that 
readily  available  moisture  in  the  soil  was  not  equally  available 
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over  the  entire  range  from  the  field  capacity  to  the  permanent 
wilting  percentage.  There  was  shown  a decrease  in  availability  of 
this  moisture  after  two-thirds  of  it  had  been  removed.  However^  this 
reduction  did  not  result  in  the  appearance  of  wilting  in  the  trees. 

While  scane  workers  jursued  studies  of  soil  moisture,  others 
have  atteiT5)ted  to  evaluate  leaf  moisture  contents.  Livingston  and 
Brown  (17)  observed  a diurnal  fluctuation  in  foliar  moisture  content, 
and  felt  that  such  fluctuations  might  offer  a means  to  foresee  the 
need  of  increased  soil  moisture  long  before  the  occurrence  of  an 
actual  wilt  in  the  tree.  Halraa  (8,  9)#  Oppenheimer  and  Jfendel  (23), 
and  Con5)ton  (2)  jursued  this  pheise  of  research  with  citrus.  Compton 
ccHicluded  that  lack  of  available  soil  moisture  appeared  to  be  the 
most  ingxjrtant  factor  in  producing  a hi^  -relative  saturation  deficit 
in  leaves  of  the  Washington  navel  orange  xmder  the  conditions  of 
hi^  tei^perature  and  low  humidity  which  prevail  at  Riverside,  Cali- 
fornia, during  the  surmner.  Studies  by  Ziegler  (50),  however,  indi- 
cated that  imder  Florida  conditions,  apparently  because  of  TrtgVi 
relative  humidity,  leaf  moisture  content  was  not  a reliable  index  for 
determining  the  need  of  supplemental  water  under  field  conditions. 

Jhst  as  the  depth  of  soil  and  its  water-holding  ability  is  im- 
portant to  an  understanding  of  the  problem,  so  too  is  the  rooting 
system  of  the  plant  under  consideration.  All  of  the  work  with  regard 
to  root  developoent  of  the  Rou{^  lemon  rootstock  on  the  light  sandy 
soils  of  central  Florida  points  to  the  deep-rooting  nature  of  the 
system.  Ford  (6)  found  apprcncimately  63  percent  of  the  feeder  roots 
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within  30  inches  of  the  surface  of  the  soil*  However,  roots  have 
been  found  well  below  the  12-foot  depth. 

Another  approach  to  the  problem  has  been  throu^  the  study  of 
tree  needs  and  estimates  of  water  consumpti<m.  DeBusk  (5)  considered 
that  the  average  bearing  tree  consumes  ai^roximately  one  inch  of 
water  every  ten  days,  and  that  it  was  a generally  recognized  fact 
that  moisture  drawn  frcan  the  soil  was  in  direct  proportion  to  root 
concentration.  In  his  study  of  nine  years  of  cropping  he  considered 
favorable  rainfall  frcan  December  throu^  May  as  undoubtedly  the  prin- 
cipal factor  during  heav:’-  crop  years.  Droughts  during  the  spring 
period  resulted  in  losses  by  droppage  of  fruit  and  in  slow  growth. 

O'Byme  (22)  noted  that  closely-planted  groves  suffered  more 
seriously  than  did  those  planted  at  wider  spacings.  Differences  were 
also  apparent  between  varieties  budded  on  various  rootstocks.  The 
Rou^  lemon  rootstock  showed  less  effect  of  draught  than  did  others.  •/ 
Seedless  grapefruit  showed  drought  damages  later  than  did  tan^rines 
or  seedy  grapefruit.  0’ Byrne  felt  that  trees  in  good  condition 
planted  on  soil  in  which  the  was  maintained  high  showed  the  least 
damage.  Practices  which  encouraged  a widespread  rooting  system, 
allowing  moisture  withdrawals  from  large  volumes  of  soil,  appeared 
to  have  a favorable  influence.  Recovery  of  drought-dama^d  trees 
depended  upon  the  ability  to  supply  water  before  the  trees  had  gone 
into  a severe  wilt  and  timied  brown. 

Jamison  (I3)  considered  that  citrus  trees  probably  withdraw 
little  moisture  frcxa  the  soil  five  feet  below  the  surface  in  the 
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deep  sandy  soils  of  Florida  and  estimated  that,  with  an  average  of 
5 percent  available  moisture,  1200  gallons  of  water  would  he  available 
per  tree  on  a 25  x 25  setting  if  evaporation  frcmi  the  soil  surface 
could  be  prevented.  He  referred  to  Ctowles'  (3)  work  reporting  that 
in  February  a 15-year-old  grapefruit  tree  lost  eleven  gallons  of  water 
each  day  throu^  its  leaves.  Ctonsidering  the  heavier  foliage  resulting 
from  the  correction  of  mineral  deficiencies,  Jamison  estimated  that  a 
20-year-old  grapefruit  tree  in  dry  weather  in  May  would  probably 
require  as  much  as  to  gallons  of  v-Titer  per  day.  Therefore,  if  the 

i 

soil  were  wetted  to  field  capacity  and  the  moisture  conserved  against 
surface  evaporation,  the  application  of  one  irrigation  should  provide 
adequate  moisture  for  about  one. month  in  the  older,  closely-planted 
groves  in  the  driest  period  during  the  year. 

In  a paper  in  1951  Young  (49)  noted  that  even  with  sour  orange 
rootstock,  yields  were  substantially  greater  on  the  average  for  trees 
of  equal  age  on  the  interior  soils  than  on  the  coastal  soils.  By 
soil  drainage  improvement,  assuming  good  distribution  of  roots,  he 
showed  that  tte  amount  of  water  available  to  the  tree  could  be  in- 
creased. In  fact,  he  considered  that  trying  to  increase  production 
through  heavier  fertilization  or  anj’’  other  practice  without  first 
securing  deeper  rooting  vsls,  to  a great  extent,  false  economy. 

In  1952  Kbo  (17)  measured  the  evapo-tiranspiration  rate  of  Marsh 
grapefruit  on  Rough  lemon  rootstock  in  the  field  at  Lake  Alfred. 

The  actual  measurements  compared  favorably  in  trend  with  calculations 
from  the  fortanlae  of  Thomtlnmite  (44)  and  of  Blaney  and  Griddle  (l). 
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but  the  total  amount  of  water  consumed  by  evapo»transpiration  was 
found  to  be  lower  than  that  ccxi^uted.  When  converted  to  acre-inches, 
an  annual  need  for  38.47  inches  was  found. 

Cropping  responses,  as  determined  by  box  yields,  are  ccaisidered 
excellent  criteria  for  evaluating  production  practices.  13ie  indica- 
tion that  such  responses  from  iirigation  may  be  obtained  under  certain 
conditions  in  Florida  was  early  recognized.  Stanley  (39)  noted  that 

• 

in  the  long  drou^t  of  1906-07  the  irrigated  one-third  of  the  Drennen 
Grove  in  Orlando  bore  more  fruit  than  the  other  two-thirds  and  brought 
a nuch  better  price  in  the  market.  DeBusk's  (5)  9-yeai‘  study  indicated 
that  in  several  years  supplemental  \/ater  would  probably  have  reduced 
droppege  of  fruit. 

On  the  other  hand,  Reitz  ^ ri.  (24)  reported  that  during  a * 
period  of  three  and  one-half  years  irrigation  treatments  made  no 
improvement  in  yield  or  fruit  quality  of  either  Valencia  or  Marsh 
on  Sunniland  or  Barkwood  soils  as  ccm^jared  with  similar  plots  re- 
ceiving no  irrigation  treatment.  In  fact,  the  unirri^ted  Valencia 
plots  yielded  more  fruit  than  did  the  irrigated  ones.  The  soil  was 
well-drained  and  there  appeared  to  have  been  no  water-damaged  i*oots 
in  recent  years.  The  authors  stated;  ’’Uhder  these  conditions  irriga- 
tion has  not  been  a profitable  operation.  During  unusual  periods  of 
prolonged  drou^t  It  is  undoubtedly  necessary  to  irrigate  to  prevent 
fruit  drop,  but  apparently  an  appreciable  amount  of  water  stress  mai'- 
be  tolerated  without  loss  of  yield.*’ 

Sites  ^ (36)  obtained  contradictozy  cropping  results  from 
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irrigation  at  the  Citrus  Ex^eriraent  Station.  Hov;ever,  at  Haines  City 
Valencia  trees  froa  irrigated  plots  produced  from  0.5  to  1.1  boxes 
of  fruit  iK>re  than  those  fi'om  non-irrigated;  for  Marsh  grapefruit  the 
increase  was  from  1.5  to  2.5  boxes  per  tree.  These  voi-kers  questioned 
vhether  Idaese  diiTerences  in  response  zaight  be  due  to  the  fact  that 
November  irrigation  was  gir'an  regularly  at  the  Station  \diereas  only  in 
one  year  at  Heines  City.  It  following  this  irrigation  -chat  the 
aon-irrigated  plots  at  Haines  City  outjdelded  those  which  received 
water. 

Savage  (33)  studied  yield  date  tram  irrigated  and  aon*irrigated 
groves  for  eleven  seasons  (19^1-53)*  His  results  showed  that  higirer 
yields  were  obtained  from  irrigated  groves  in  all  age  groups  with  the 
exception  of  that  from  11  to  15  years. 

In  another  stutSy  Savage  (3I)  found  that  yield  under  Irri^tion 
was  higher  in  groves  which  j’ecel-'ed  low  nitarogen  fertilizer  applica- 
tions, but  that  such  advantage  disappeared  when  higher  nitrogen  levels 
were  maintained.  He  (32)  lias  a3.so  written  as  follows:  "Little  or  no 

advantage  is  indicated  for  irrigated  groves  except  possibly  in  the 
lowest  nitrogen  group.  However,  it  is  entirely  likely  that  additional 
money  spent  for  added  fertilizer  in  this  group  would  pay  more  returns 
than  Irrigation.” 

Young  (W),  in  ccmmzenting  on  irrigation  e:q)eriments  in  the  East 
Coast  area,  stated  that  there  was  no  questicai  that  irrigation  was 
beneficial  at  times  on  the  heavier  soils  in  the  low- lying  areas,  but 
that  it  was  problematical  vhether  it  would  pay  on  a great  investment 


Ih 


imder  average  weather  coaditlona  on  the  majority  of  these  soils 
If  proper  control  of  ground  water  was  secured.  In  I951  Young  (49) 
noted  that  improved  drainage  would  afford  increased  production, 
paying  dividends  and  allowing  growers  to  prosper  in  a highly  con^ieti- 
tive  field. 

Yield,  however,  is  not  the  sole  criterion  of  value  in  the 
estahlishment  of  a coomercial  practice.  The  quality  of  the  fruit 
must  be  taken  into  consideration.  Sites  (35)  called  attention  to 
the  fact  that  rainfall  conditions  can  cause  differences  in  quality 
as  great  as  or  greater  than  can  be  induced  by  any  culturtLL  or 
nutritional  treatment.  In  a study  of  seven  years,  he  found  that  two 
years  (l9l»0-4l,  1942-43)  which  produced  hi^  solids  in  the  fruit  were 
characterized  by  lower  rainfall  during  the  months  of  JUne,  tJUly, 
August,  and  September,  with  a hi^ier  percentage  of  possible  sunli^t, 
and  a lower  number  of  cloudy  days.  He  felt  -Uiat  much  of  the  troubles 
with  low  solids  In  Hamlin  and  Parson  Brown  oranges  during  the  past 
few  seasons  were  midcubtedly  due  to  weather  conditions* 

Sites  lea.  (36)  reported  up<wi  a group  of  four  irrigation  ex- 
I>eriments,  two  of  short  duration  and  two  which  extended  over  periods 
of  years.  Kie  yield  responses  of  the  latter  two  have  been  reported 
above. 

Marsh  and  Silver  Cluster  grapefruit  were  grown  under  two  soil 
moisture  regimes.  One  row  received  5OO  gallons  of  water  per  tree 
per  week  as  a supplement  to  rainfall  fran  bloom  to  harvest;  the  other 
row  depended  upon  rainfall  as  the  sole  source  of  water.  After  a 
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year's  operation  and  from  fruit  testa  made  in  September,  October, 
and  December,  these  men  reported  that  vriLth  abundant  soil  moisture 
the  fruit  contained  more  Juice,  less  soluble  solids  and  titratable 
acid  (on  a percentage  basis),  and  sli^tly  hi^r  ratio  of  solids 
to  acids,  but  no  consistent  difference  in  Vitamin  C content.  They 
noted  that,  while  the  percentage  of  total  soluble  solids  was  lower 
in  the  irrigated  fruit,  the  total  weight  on  a per  fruit"  basis  was 
almost  identical  in  the  two  plots  and  the  data  for  acid  were  similar 
but  more  variable.  Fruit  from  the  irrigated  block  was  one  commercial 
size  larger.  The  non-irrigated  trees  showed  a wilt  in  June  and  pro- 
duced a heavy  Jhne  bloom.  The  early  bloom  fruit  frcm  the  irrigated 
row  did  3aot  grade  out  as  well  &a  did  that  frcm  the  unirrigated. 

Sites  and  his  coworkers  studied  Hamlin  oranges  for  one  year 
xmder  five  different  soil  moistuare  regimes.  One  plot  was  supplied 
with  weekly  increments  of  water  to  maintain  field  capacity.  Each 
of  the  four  i*eraaining  plots  was  given  the  same  water  conditions 
except  for  particular  three-mcaith  periods  of  enforced  dryness: 
January-March,  Aparil-Ohne,  .hily-September,  and  October-December. 
Continuous  irrigation,  while  producing  fruit  of  low  solids  and  aeids, 
increased  the  tendency  to  granulation  or  dTjoiess  of  the  fruit.  All 
periods  of  enforced  dryness  (with  the  exception  of  the  period  October- 
Deceniber)  showed  generally  increased  percentages  of  soluble  solids, 
acids,  and  Vitamin  C ccaatents  in  the  fruit.  Every  three-month  period 
of  draught  after  fruit  set  reduced  the  size  of  the  fruit,  a reduction 
never  entirely  regained  by  subsequent  irrigation. 
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Durlnc  e pei-iod  of  four  yesro,  irrigation  of  orange  and  grape- 
fruit •varieties  on  Rough  lemon  rootstock  produced  fruit  wl-th  lower 
percentages  of  solu'ble  solids  and  tltratable  acids.  Irrigation  tended 
■to  reduce  the  Vitamin  C content,  hut  increases  in  soUds/acld  ratio 
and  in  volume  of  Juice  pejf  fruit  were  noted.  The  irrigated  plots 
produced  larger-sized  fruit.  The  results  indicated  that  •the  keeping 
qiiality  of  Valencia  orangec  on  the  tree  was  impaired  by  the  use  of 
irrigation  due  ■to  increase  in  granulation. 

Again,  at  Haines  City,  Sites  and  his  associates  found  that  "the 
percen'tages  of  soluble  solids  ar«i  acids  were,  in  general,  reduced 
xinder  irrigation.  The;^!-  assumed  th^se  reductions  to  be  due  mainly 
to  dilution  because  of  the  grea-ter  Juice  con-tent  of  the  fruit,  and 
I)olnted  out  that  such  lowering  is  of  Imgportance  particularly  with 

•varieties  such  as  the  Hamlin  and  Parson  Brown  oraiiges  which  fre- 

« 

guentli--  ere  delayed  in  marketing  due  to  low  solids  and  acids.  The 
suggestion  was  made  “that  inlga'tion  applications  la'ter  than  June 
should  not  be  used  unless  abaolu'tely  necessary  to  prevent  pre-hamrest 
fruit  drop. 

Voorhees  ^ (1^5)  reported  that  two  applications  of  irrigation 

water  "to  Valencia  oranges  at  Ft.  Pierce  resulted  in  no  increase  in 
fruit  size  on  Parkwood  soil,  while  -tbere  was  a -very  sli^t  effect  on 
Sunni land.  Irrigation  decreased  the  soluble  solids  in  the  Valencias, 
althou^  the  effect  on  ratio  and  Vitamin  C content  was  sli^t.  These 
results  confirm  those  from  -the  Lake  Alfred  studies  of  Sites  at  al.  (36). 
The  in-temal  (jiality  of  Marsh  grapefruit  was  little  affected  by 
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irri cation.  Differences  in  yield  were  noted  Imt  were  considered  of 
little  practical  ingrartance. 

In  the  final  analysis  any  ccMunercial  operation  caast  be  Judged 
from  the  standpoint  of  its  profitableness  to  the  operator.  Stanley 
(39),  as  noted  above,  reported  increased  yields  and  better  n«rbet 
prices  from  irrigation  during  the  1906-07  drou^t.  In  I919,  Staebner 
(38)  considered  that  irrigation  would  probably  show  a profit  in 
about  one-half  of  the  years.  Kiranel  (16)  reported  that  with  50 
Inches  of  raj-uxall  a year,  50  percent  from  June  to  September 
riost  of  the  remaining  rainfall  in  a few  heavj''  rains,  the  practice 
of  ii'xdgation  was  believed  to  pay  dividends  and  was  steadily  on  the 
Increase.  However,  Young  (W),  as  reported  above,  felt  that  it  was 
doubtful  'idiether  the  operation  would  pay  on  a great  investment  under 
average  weather  conditions  on  the  majority  of  soils  on  the  East  Coast 
if  proper  control  of  ground  water  was  secured.  Savage  (32)  has  been 
quoted  above  as  convinced  that  additional  nitrogen  in  the  low-yielding 
groups  of  groves  would  pay  more  returns  than  wcaild  irrigation. 

Irrigation  equipment  constitutes  a considerable  investment. 

Morton  (21)  reported  on  an  irrigation  project  of  a cooperative 
nature.  Easy  access  to  water  was  not  available,  yet  no  one  of  the 
growers  concerned  controlled  sufficient  acreage  to  warrant  the  ex- 
pense of  putting  in  a plant. 

Savage  (27)  studied  the  investment  in  irrigation  equipment  from 
the  records  of  200  groves.  On  the  groves  with  grower-owned  equip- 
ment, an  average  of  $59*58  was  invested  per  acre. 
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I^.rtheiTjorc^  the  cpeiratior.  of  the  practice  increases  costs 
rapicH^'’.  Hovrell  (l2)  ashed  his  audience;  "Do  you  hnov  that  naaiiy 
growers  vho  were  dependent  <xi  portable  Irrigation  during  the  past 
spring  and  suransr  (19IJC)  have  inore  Bioney  invested  in  the  present 
crop  for  irrigation  than  for  all  other  production  costa  cointoined?" 

Skm'nge  (25,  26,  26,  29,  33)  has  sjade  iiiany  studi.es  of  the 

costs  and  returns  from  ind.gation  practices.  *Iiicreased  yields  were 
often  shown,  but  higher  operating  costs  resulted  in  lowei*ed  net 
returns  in  may  cases.  In  a crirveographed  analysis  (3I)  cocgsarisons 
were  mde  between  returns  above  operating  costs  of  Irrigated  and 
non-irrigated  groves  for  tlie  period  19^"53  according  to  the  auxiunt 
of  nitrogen  used  per  acre,  (hily  when  nitrogen  was  held  at  a low 
lev-el  did  the  returns  show  value  for  irrigation.  As  noted  above 
(32),  Increased  levels  of  nitrogen  fertilization  would  irost  likely 
result  in  hi^er  returns  than  would  the  practice  of  irrigation. 

In  another  study.  Savage  (33)  oong>ared  yields  and  retums  of 
Irrigated  and  non-irrigated  groves  by  age  groups.  This  study  in- 
cluded eleven  crc^  years.  In  commenting  on  the  results.  Savage 
(3^)  noted  that  td-th  one  exception  (II-15  j-ear  group)  the  Irrigated 
j-leld  in  each  group  exceeded,  tixat  of  the  corresponding  non-irrigated 
group.  Returns  above  operating  costs  per  acre  were  higgler  for  the 
non-irrigated  groves  in  the  first  four  age  groups,  althou^  in  the 
four  older  groups  irrigated  gi-oves  netted  most.  He  stated,  "It  is 
ny  conviction  that  at  least  part  of  the  advantage  shown  for  irrl^tion 
on  trees  3I  years  of  age  and  older  is  due  to  the  crowdixig  of  the  trees 
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on  tlie  land.  Since  these  data  reflect  very  little  results  from 
hedging  It  Is  entirely  lilseli'’  that  hedged  groves  mlglit  show  less 
advantage  from  Irrigation." 

Savage  (30)  has  stated  that  the  average  cost  of  applying  two 
Inches  of  vater  was  ^15.25  per  acre  and  that  in  order  to  a 
profit  t.h^re  nust  be  an  inci^ased  yield  which  will  net  more  than 
this  amount.  With  this  xn  mind  he  set  up  a table  of  the  approximate 
number  of  boxes  of  fruit  of  various  kinds  necessary  at  the  season's 
on-tree  price  to  pay  for  each  applf.catlan.  This  paper  afforded  the 
grower  a standard  for  comparison  of  the  effectiveness  of  his  irriga- 
tion program,  but  forced  him,  as  Savage  suggested,  to  designate  two 
or  inore  middles  as  controls  that  will  never  be  irrigatsdl 

Responses  to  irrigation  varied  widely  from  grove  to  grove  in 
the  economic  studies  of  Sa’/age,  He  found  that  in  some  groves  irriga- 
tion has  been  profitable  ^rtdle  in  others  it  has  not  been  euxd  probably 
ccMld  not  be.  Results  of  irrigation  ma^’-  be  influenced  by  age  of 
trees,  proportion  of  grapefruit  to  orange,  variety  of  either  species, 
rootstock  enqployed,  soil  type,  fertilizer  and  spra^  pregram, 
spacing  of  trees,  as  well  as  by  the  irrigation  method.  In  the  present 
investigation  all  of  the  above  factors  are  kept  constant. 


III.  METHODS  m>  MATERIAIS 


A.  The  Ebqperinental  Grove 

!Hie  grove  chosen  for  the  study  of  irrigation  is  under  the  manage- 
ment of  Apshawa  Groves,  Inc.,  designated  as  Blocks  3 and  4,  and 
located  near  Clermont  in  Lake  County.  The  grapefruit  portion  of  these 
blocks  ccMnprises  approximately  ten  acres  under  similar  cultural 
practices  since  being  planted  in  192?.  The  Marsh  grapefruit  (Citrus 
paradisi  Macf»)  trees  on  Rou^  lemon  (C.  Jimnn  (Linn.)  Burmann)  root- 
stock  are  set  265  x 30  feet,  approximately  fifty  trees  per  acre. 

The  grove  is  at  an  elevation  of  approximately  25  feet  from  Lake 
Apshawa  on  a deep  phase  of  Lakeland  fine  sand.  With  the  exception  of 
resets  which  have  been  required  from  time  to  time,  a general  uniformity 
was  fcsind  to  exist  at  the  beginning  of  the  experiments.  Topographically 
the  land  is  slightly  rolling. 

The  fertilizer  program  thrcaigh  the  year  I945  was  a typical  low- 
analysis  one  with  low  nitrogen  and  high  potash  such  as  was  being  used 
throughout  the  citrus  areas  of  the  state  during  that  period.  During  the 
late  thirties  and  early  forties  copper  and  other  micronutrient  elements 
were  liberally  applied  along  with  the  secondary  element,  magnesium.  The 
program  was  gradual  ly  changed  to  the  use  of  straight  materials  with 
higher  levels  of  nitrogen  and  lower  amounts  of  potewh.  From  1948  to 
date  the  majority  of  the  applications  have  been  of  stral^t  materials 
with  an  average  N-P-K  ratio  of  1-0-1. 

The  pest  control  pix>gram  has  regularly  effected  the  control  of  the 
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pirple,  six-spotted,  and  rust  mites,  the  Florida  red  and  purple  scale 
Insects,  and  the  fungus  disease,  melanose.  Micronutrient  elements  have 
been  applied  throu^  the  spray  program,  and  so  has  arsenate  of  lead  for 
early  maturity. 

No  irrigation  applications  were  given  this  grove  prior  to  the 
beginning  of  the  work.  The  elevati^  fr^a  the  lake  vaa  too  great  for 
efficiency  of  operation  until  a permanent  underground  was  installed 
in  1950  which  feeds  into  a system  of  portable  irrigation  lines  by  a 
series  of  risers.  Irrl^tion  during  the  ejiperimental  period  was  facili- 
tated by  means  of  8-inch  feeder  lines  and  6-lnch  perforated  sprinkler 
lines  of  poirtable  type. 

Qiltivation  was  quite  similar  to  the  general  practices  of 
County,  with  a volunteer  covercrop  duzdng  the  sunaner  rainy  seasm 
clean  cultivation  during  the  winter.  Pruning  has  been  limited  to  the 
removal  of  dead  wood.  However,  the  blocks  were  hedged"  north  and  south 
during  the  first  year  (1951)  of  the  research  and  east  and  west  during 
April  of  195^«  The  hedging"  practice,  new  to  citrus  culture, 
accomplishes  the  opening  of  middles  seven  to  nine  feet  in  width  to  allow 
better  access  to  sunlight  and  grove  equipment.  Such  a practice  at  least 
temporarily  affects  yields  but  any  influences  would  be  considered  equal 
for  all  treatments.  It  should  be  noted,  however,  that  the  ©f 

April,  195^,  caused  a setting  of  late  (Hay)  bloom  fruit  throu^iout  the 
blocks  lzTresp)ectlve  of  treatment.  No  firing  was  practiced  since  the 
grove  is  well  elevated  on  the  east  side  of  Lake  Ap>shawa. 

Careful  appraisal  of  the  blocks  prior  to  the  setting  up  of  the 
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e3q>eriment  failed  to  reveeO.  any  location  conditions  \rtiich  might  militate 
unduly  against  any  particular  treatment.  A general  unlfomlty  was  found 
throughout  the  grove.  Ho  extraordinary  nutrl«it  deficiency,  disease 
Infection,  or  mite  or  insect  Infestation  was  encountered  during 
entire  experimental  period^ 

The  yields  from  the  season  1932-33  "to  the  present  are  shown  in 
Table  1.  The  average  yields  per  tree  for  the  years  of  the  experiment 
Include  all  treated  and  buffer  trees*  therefore,  they  do  not  represent 
a simtple  average  of  treatment  values  but  rather  the  actual  picking 
^ records  of  the  ^tlze  grove.  In  Table  1 is  also  shown  the  average 
rainfall  - as  determined  from  the  records  of  the  U.  8.  weather  stations 
at  Sistls,  Orlando,  and  Bartow  » which  occurred  during  the  January-JUne 
period  preceding  each  crop  year.  In  each  case  this  rainfall  is  that 
which  fell  during  the  period  vbsa  the  particular  crop  was  being  set  and 
beginning  its  growth  in  size. 

B.  The  S3Q>erlmental  Treatments 

Casual  observations  with  respect  to  irrigation  treatments  and  their 
results  have  been  made  by  the  author  throug^iout  many  years  of  operating 
groves  conanerclally.  Two  observations  which  appeared  more  prominent 
than  others  were  noted.  During  a cold  winter  those  blocks  of  trees 
which  had  been  irrigated  in  the  fall  appeared  to  go  through  the  freeze 
in  better  condition  than  did  those  suffering  fpcaa  lack  of  water.  On  the 
other  hand,  idien  considezable  irrigation  was  aiplied  to  groves  during 
the  late  fall  period  (November  and  December)  of  a x^ertleulez*  year, 
immediately  after  installing  a new  irrigation  system,  the  treated  groves 
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TABUS  1 

1 

Avera^  Rainfall  for  January-JUne  Period,  and  Cropping  Record, 
in  Boxes  per  Tree,  of  Marsh  Grapefruit,  Blocks  3 and  4, 
Apsbava  Groves,  Inc. 


!rear 

Rainfall 
in  Inehas 

Season 

Yield  in  Boxes 
per  Tree 

1932 

22.17 

1932-33 

0.20 

1933 

25.96 

1933-34 

0.58 

1934 

36.97 

1934-35 

3.14 

1935 

16.98 

1935-36 

0.89 

1936 

31.58 

1936-37 

5.06 

1937 

24.70 

1937-38 

1.34 

1938 

15.67 

1938-39 

7.63 

1939 

25.21 

1939-40 

5.41 

1940 

19.77 

1940-41 

5.00 

1941 

25.14 

1941-42 

6.03 

19i»fi 

27.79 

1942-43 

1.93 

1943 

20.05 

1943-44 

8.86 

1944 

20.14 

1944-45 

7.58 

1945 

22.09 

1945-46 

13.64 

1946 

21.31 

194^7 

6.60 

1947 

29.58 

1947-48 

8.50 

19»»8 

16.81 

1948-49 

6.35 

1949 

1S.13 

1949-50 

11.20 

1950 

12.02 

1950-51 

11.05 

1951 

17.10 

1951-52 

14.35 

1952 

21.69 

1952-53 

9.65 

1953 

24.92 

1953-54 

15.70 

18.17 

1954-55 

11.82 

^ Average  of  three  staticaxs;  Bustis,  Orlando  and  Bartow,  taken  from 
records  of  U.  S.  Weather  Bureau. 
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appeared  to  produce  a smaller  crop  in  the  subsequent  year  than  did  those 
to  which  water  could  not  be  applied. 

Ifiiltera  have  varlcualy  reported  on  the  effects  of  winter  and  spring 
irri©itlcHa  but  unfortunately  with  little  more  definite  evidence  t-Han  i© 
recounted  above.  As  late  as  1951>  however.  Sites  ^ (36)  suggested 

•tiiat  the  lower  yield  respcmses  from  irrigation  at  the  Citrus  Experiment 
Station  at  Lake  Alfred,  as  conpared  with  that  at  Haines  City,  mig^t  be 
due  to  November  appllcatiosis  of  water  in  the  former  case. 

There  is  little  dcwbt  that  spring  irrigation  needs  are  often  more 
acute  than  are  those  of  the  fedl  period  since: 

1)  The  dry  fall  months  have  often  re(hiced  the  water  reserves  in  the 

soil; 

2)  The  new  growth  appearing  in  the  February-March  period  increases 
immensely  the  tram^ratlonal  area  of  the  tree; 

3)  Daily  taagpei^laires,  particularly  during  the  late  Mardi-Aprll-May 
period,  are  often  hl^; 

k)  Dry  scutheasterly  winds  often  blow  more  or  less  constantly 
throughcut  the  day  during  the  Harch-April  period;  and 

5)  Brl^t,  vDore  or  less  clcudless,  days  decrease  relative  humidity, 
increase  transpiration  and  evaporation,  and  bring  little  rain. 

These  considerations  led  to  the  determination  to  irrigate  in  the 
present  experiment  only  during  the  spring  months.  During  1951,  however, 
one  September  explication  of  water  was  made.  It  is  realized  that  such  a 
limitation  (to  the  spring  period)  will  restrict  the  conclusions  which 
might  be  drawn  from  the  work.  There  is  another  factor,  however,  which 
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entered  the  picture,  that  of  econoed-cal  grove  management*  Wl'Uh  costs 
averaging  $15*00  per  acre  per  appUcatlcai,  it  was  thought  that  the 
grower  must  use  extreme  care  in  avoiding  excessive  expense  in  this 
operation*  Hondrickson  and  Veihmeyer  (lO),  working  with  prunes,  found 
that  too  little  water  may  he  Injurlcus,  hut  that  unnecessary  water  was 
valueless*  The  restriction  to  the  spring  period  would  seem  to  maximize 
the  value  of  the  work  and  provide  a stepping-stone  to  further  experi- 
mentation in  this  field* 

Amounts  of  water  to  apply  at  a particular  present  a further 
prohlem*  Growers  are  divided  in  their  opinions.  Some  apply  as  little 
as  one-half  inch,  while  others  supply  as  much  as  three  or  four  inches 
per  application*  Furr  (7)  calculated  the  need  of  from  3*2  to  5*1  acre- 
inches  per  application  to  supply  deficiencies  found  in  Orlando  and 
Norfolk  (Lakeland)  fine  sands.  Young  (^9)  considered  that  the  amount 
of  water  to  apply  per  irrigation  would  depend  upon  drainage  and  soil 
structure*  Sites  et  (36)  used  four  rates  in  their  work  at  Haines 
City:  0,  1^,  2|-,  and  ^ Inches  per  application,  tut  could  show  no  con- 
sistent correlation  between  amount  of  water  per  application  and  yields* 

Although  the  Bough  lemon  presents  a deep  tree-root  system  on 
Lakeland  sand,  Jamison  (13)  considered  that  little  moisture  was  with- 
drawn from  the  soil  five  feet  below  the  surface*  Ford  (6)  found  approx- 
imately 63  percent  of  the  feeder  roots  in  the  0- 30-inch  depth,  and  an 
additional  2?  percent  within  the  second  30  Inches*  With  the  assunption 
that  the  most  effective  rooting  depth  is  approximately  to  four  feet,  it 
was  felt  by  the  author  that  tdiis  depth  should  replenished  to  field 
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capacity  at  each  Irrigation  peirlod.  Therefore,  throu^bout  the  eaiperi- 
ment  approxlinately  2|  acre-inches  vere  applied  per  irrigation,  idiich, 
under  ideal  conditions,  would  bring  the  moisture  level  to  field  capacity 
to  a depth  of  four  feet.  !IhlB  amount  is  rouf^ily  eq^iiivalent  to  67,500 
gallons  of  water  per  acre,  or  1,350  gallons  per  tree. 

i^plicaticais  were  made  of  lake  water  carried  through  the  under- 
ground main  and  distributed  to  the  proper  blocks  by  8-inch,  gasketed, 
lock-joint  pipe;  tl^ce  throu^  6-inch,  perforated,  gasketed  lock-joint 
sprinkler  lines. 

(toe  of  the  difficulties  of  irrigation  eagperlments  is  that  of 
setting  up  plots  with  proper  buffer  rows.  Each  treated  plot  consisted 
of  from  six  to  nine  trees  (Fig.  l)  separated  from  other  plots  Iry  two 
trees  in  a nor^-south  direction  and  six  trees  in  an  east-west 
direction,  (tore  was  exerted  by  the  operating  crews  to  see  that  water 
was  never  Introduced  to  any  treatmrait  plot  except  on  the  schedule 
maintained. 

Assuming  spring  irrigation  only,  when  should  water  be  applied 
during  such  irrigation  period?  It  appeared  that  three  types  of  prac- 
tices wl*^  regard  to  timing  of  applications  were  more  or  less  general 
in  Florida. 

1)  Some'  growers  apply  no  supplemental  water  and,  ftirthenaore,  are 
not  equipped  to  irrigate  their  groves. 

2)  Many  growers  begin  irrigaticm  operations  at  the  time  of 
appearance  of  wilt  in  Idle  trees  (althou^^  under  coumercial  practices 
now  in  vogae  the  trees  are  often  allowed  to  suffer  from  the  time  such  a 
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condition  is  observed  until  it  is  possible  to  get  the  eqjiijiaMit  in 
operation). 

3)  A fev  growers,  favorably  situated  with  respect  to  water  supply 
and  distribution,  maintain  a schedule  \diich  more  or  less  assures  an 
aitple  soil  moisture  supply  at  times. 

It  was  felt  that  asjjgparisoas  of  these  three  types  of  irrigation 
practice  should  be  made.  A randomized  block  design  was  selected  since 
by  this  means  differences  in  typographical  features  throughout  the  grove 
might  be  more  properly  apportioned.  With  the  use  of  a table  of  random 
numbers,  and  no  prior  knowledge  of  the  grove  conditions,  treatments  were 
assigned  in  each  block.  As  shown  in  Pigure  1,  there  were  four  blocks  of 
three  randomized  treatments  each. 

The  escperimaital  treatments  were  as  follows: 

Treatmait  A - No  irrigatlai  applications. 

Treatment  B - Irrigation  during  the  spring  at  the  first 

appearance  of  a temporary  wilt  in  the  tree.  The  objective  was  always  to 
apply  water  before  any  permanent  wilt  appeared  in  the  trees  and  there- 
fore it  cannot  be  stated  with  assurance  that  the  trees  would  neces- 
sarily have  gone  into  a permanent  wilt.  With  the  high  relative  huMdity 
prevailing  thrcughout  Florida,  the  lag  between  temgporary  wilt 
permanent  wilt  has  been  observed  to  be  a period  as  short  as  three  days 
and  as  long  as  two  weeks  or  more.  It  should  be  stated  that  Airing  the 
course  of  these  researches  tl»  iu>n-lrrigated  plots  (Treatment  A)  were 
never  observed  to  be  in  a pemmaent  wilt;  even  a temporairy  wilt  was  of 
relatively  short  duration. 
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FIQUIS  1 

Desiga  of  the  E^qperinient 


BLOCK  IV 
Treatment  A 
(6  trees) 

1 

' BLOCK  II 
' Treatment  C 

' (6  trees) 

r 

f 

Treatment  B 
(7  trees) 

f 

' Treatment  A 

' (9  trees) 

t 

Treatment  C 
(9  trees) 

1 

' Treatment  B 

' (9  trees) 

1 

BLOCK  UI 
Treatment  B 
(9  trees) 

' ''f  ' — 

‘ BLOCK  I 
' Treatment  A 

' (9  trees) 

^ ^ ^ ~ ^ 

Treatsmnt  C 
(8  trees) 

1 

' Treatm^t  B 

* (9  trees) 

t 

Treatment  A 
(9  trees) 

f -i. 

’ Trealanent  C 

' (8  trees) 

r 

1 

Tre&tment  C » Irrigation  during  the  spring  tr»Q?Tfchq  Iq  such  a loaxuier 
as  to  maintain  the  soil  moisture  veil  above  the  permanent  wilting  point* 
At  the  outset  this  was  to  be  aectmtplished^  ideally,  by  regular  soil 
san^llzig  for  moisture  determinations*  outcome  was  not  as  ideal  as 
the  plan.  (See  discussion  under  'Studies  of  Moisture  Availability ', ) 
However,  it  can  be  stated  that  at  no  time  did  -Hte  trees  show  ai^ 
visible  evidence  of  water  needs  of  any  description. 
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IXiring  "the  four-year  period  covered  by  these  researches,  no 
ahnonnal  post-hlocni  shedding  or  JUne  drpppage  occurred  under  any  treat- 
ment. Ho  particular  late  bloom  occurred  except  during  the  last  season 
(195^55)*  As  noted  above,  this  late  bloom  (earlier  than  the  usual  Jime 
bloom)  was  fcxmd  with  all  treatments  and  appeared  to  be  associated  with 
the  east-west  'hedging"  (pruning)  given  the  grove  as  a commercial 
operation  in  April  of  that  year  (1954). 

The  practical  Ineffectiveness  of  a short  duration  study  was  con- 
sidered. To  allow  somewhat  better  coogarlsons,  it  was  felt  that  four 
years  sh<xild  be  given  to  the  work.  Even  this,  in  retrospect,  is  insuf- 
ficient for  completeness.  Heveirtheless,  it  was  conjectured  that  in  a 
four-year  period  certain  types  of  weather,  particularly  with  respect  to 
rainfall,  would  be  encountered  and  that  perhaps  sooe  values  under  such 
regimes  ml^t  be  adduced.  The  conditions  with  respect  to  rainfall  are 
discussed  under  "Studies  of  Moisture  Availability". 

Soil  moisture  studies  were  considered  as  a regular  part  of  the 
esgperlment  at  the  cutset,  but,  as  noted  later,  work  in  this  directiw 
was  reduced  some^diat  due  to  the  inability  to  ascertain  moisture  levels 
properly. 

The  dates  of  irrigation  by  treatment  are  shown  in  the  following 


schedule. 
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Trult  Season  Treatment 

ABC 


1951-52 

None 

March 

12, 

1951 

May 

8, 

1951 

Nay 

30,  1951 

May 

30, 

1951 

Sept. 

11, 

1951 

1952-53 

None 

May 

3, 

1952 

JUne 

5,  1952 

lUxie 

5, 

1952 

1953-54 

None 

Ntoe 

March 

17, 

1953 

May 

12, 

1953 

1954-55 

None 

April 

26, 

1954 

May 

24,  1954 

ttey 

24, 

1954 

June 

21, 

1954 

C>  The  Methods  of  Bata  Collection  and  Analysis 
Studies  vere  made  of  rainfall  records « soil  moisture,  and  leaf 
moisture  during  the  course  of  this  vork.  The  methods  used  in  these 
studies  are  discussed  later  together  vlth  the  results  obtained. 

The  primary  objective,  however,  was  an  atteoqpt  to  arrive  at  an 
answer  to  that  perennial  question:  'Boes  irrigation  of  citrus  under 

either  of  the  above*descrlbed  treatments  produce  a profit  to  the  Florida 
grower?”  The  answer  to  this  ciAesticai  would  seem  to  be  undoubtedly  and 
easily  ascertained  by  cost  and  yield  records.  Therefore,  at  picking 
time  each  year  the  records  of  the  various  plots  vere  totalled  in  stan- 
dard field  boxes  \diich  hold  aqpproximately  2.2  bushels.  The  operation 
was  carefully  supervised  In  each  case  to  see  that  proper  credits  vere 
made  and  that  the  boxes  vere  uniformly  filled.  All  flgcires  vere  then 
coo^iuted  for  production  in  boxes  per  individual  tree.  Vlth  apprcoclmately 
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50  trees  per  acre,  the  prodactioa  per  acre  can  he  calculated  by  slagile 
multiplication.  In  all  computationa  of  costs  of  production  It  vas  con- 
sidered that  the  base  cost  (for  fertilization,  spray  practices,  etc.) 
vould  be  similar  for  the  various  plots.  The  average  production  cost  i>er 
box  of  grapefruit  in  Lake  Cfcainty  is  approxtmtely  |0.55.  The  cost  of 
irrigati(xi  is  considered  to  be  |15.00  j>er  acre  per  application,  which 
approximates  the  state  average  for  this  operation. 

Certain  other  data  were  felt  to  be  worthwhile,  however.  Fruit  size 
studies  were  made  since  increases  in  yield  might  be  due  to  increase  in 
size  of  the  individual  fruits,  or  to  increase  in  the  number  of  frtdt  per 
tree.  Each  year  measurements  of  the  cross-secticaaal  diameter  of  the 
fruit  were  made  vli^  13ie  use  of  a standard  fruit  caliper  manufactured 
by  A.  J.  Jacocks,  Winter  Haven,  Florida.  These  measurements  were 
recorded  in  Inches  and  tenths.  During  the  season  1951-52  large  muabers 
of  fruit  were  used  for  ccaaparisons,  from  all  sides  of  the  trees.  During 
the  following  three  seasons,  however,  as  .Justified  by  sanple  size  data, 
smaller  numbers  of  fruit  were  Included  in  the  size  studies  by  the  use  of 
fruit  singly  held  at  the  south-east  comer,  or  on  the  east  side,  of  the 
trees. 

Maturity  studies  were  also  made,  since  yield  alone  does  iwt  neces- 
sarily give  the  true  picture  of  fruit  value.  Each  maturity  test  was 
conducted  with  the  iise  of  five  fruits  of  a particular  size,  me  from  a 
particular  locatim  m each  of  five  trees  for  each  plot.  This  is  the 
standard  sao^le  used  in  running  maturity  tests  under  state  law. 

Juice  was  extracted  with  the  use  of  a motor-driven  reamer  as 
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allowed  Tjy  state  lav,  Tbe  Juice  of  five  ftults  was  measured  In  mllll* 
liters  and  such  measurements  were  divided  by  five  to  obtain  the  average 
per  fruit.  The  motor-driven  reamer  extracts  the  ;H^ce  well,  but  It  must 
be  noted  that  there  are  dlfferraices  In  the  amounts  of  Juice  obtained  due 
to  differences  among  operators ^ In  order  to  reduce  the  error  by  stand- 
ajrdlzlng  this  process^  each  series  of  tests  was  conducted  by  the  >«««»» 
operator i 

Total  soluble  solids  Include  sugars,  acids,  ascorbic  acid  (Vitamin 
C)  as  well  as  other  organic  and  inoxganlc  cosipcunds  dissolved  in  the 
Juice.  The  determination  of  solids  on  a percoitage  basis  was  obtained 
by  the  use  of  the  Brix  hydrometer  standardiaed  at  17.5°  C.,  wildi  read- 
ings corrected  for  te^l^)erature. 

The  percentage  of  anhydrous  citric  acid  was  obtained  by  titration 
against  the  standard  alkali  (sodium  hydroxide)  provided  by  law,  with  the 
use  of  phenolphthaleln  as  the  Indicator, 

The  maturity  ratio,  an  Indication  of  consumer  acceptability.  Is 
simply  the  quotient  of  the  percentage  of  soluble  solids  divided  by.  the 
percentage  of  anhydrous  citric  acid;  it  is  termed  the  solids/add  ratio. 

The  pounds  of  total  soluble  solids  and  citric  add  per  box  of  fruit 
were  calculated  by  tdie  use  of  the  foUovlng  equations: 

ml.  Juice/fruit  x size  * 3785.3  = gallons  Julce/box  (l) 

Juice/box  X wei^t/gallon  x Brix  reading  5 
pounds  total  soluble  solids/box 
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gallona  Julce/box  x weight/gEtUw  x percentage  o£  anhydrous 

citric  acid  s pounds  of  anhydrous  citric  acid/box  (3) 

In  the  above  equationsj  "ttie  size  refers  to  the  nuisber  of  fruits  per 
standard  packed  box  of  1-3/5  bushels*  Standard  sizes  for  grapefruit  are 
36,  k6j  64,  70,  80,  96,  112,  and  126. 

The  factor  3785^3  represents  the  number  of  ndlliliters  per  ^LLLon. 

The  wei^ts  per  gallon  (Table  2)  are  those  used  in  the  commercial 
processing  plants  of  the  state!! 

All  statistical  analyses  were  made  on  the  hcusis  of  variances  derived 
from  the  randomized  block  design  in  maM.ng  coiqperiBons  betveoi  treatments 
The  F.  values  given  are  based  on  two  degrees  of  freedom  for  cOTjerlsons 
between  treatments  and  six  degrees  of  freedom  for  error  (the  interaction 
between  blocks  and  treatments).  An  F value  of  5l!l4  is  required  at  a 95 
percent  confidence  level  and  all  such  coo^)arison8  are  considered  signi- 
ficant and  marked  with  a single  asterisk.  An  F value  of  10*92  Is 
re(piired  at  a 99  percent  confidence  level;  all  such  eoR$>arlsons  are  con- 
aidered  highly  significant  end  marked  with  a double  astesrlsk.  Such 
analyses,  together  with  others  used  herein,  were  those  presented  by 
Snedeoor  (37)* 
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TABLE  2 

RelatlCTiahlp  between  Brlx  Reeding  and 
Weight  per  GedJLon  of  Cltrua  Jblces 




Weight  in 
pctunds/cpJLlon 

Weight  in 
pcunde/gftllcKi 

7.5 

8.555 

8.8 

8.594 

7.6 

8.558 

8.9 

8.597 

7.7 

8.561 

9.0 

8.600 

7.8 

8.564 

9.1 

8.603 

7.9 

8.567 

9.2  • 

8.606 

8.0 

8.570 

9.3 

8.609 

8.1 

8.573 

9.4 

8.612 

8.2 

8.576 

9.5 

8.615 

8.3 

8.579 

9.6 

8.6IB 

8.4 

8.582 

9.7 

8.621 

8.5 

8.585 

9.8 

8.624 

8.6 

8.588 

9.9 

8.627 

8.7 



10.0 

8.630 

IV.  BESUIITS  AND  DISCUSSIONS 


A.  Studies  of  Moisture  Availability 
1.  J^nfall  Records 

The  vork  of  DeBusk(^)  held  certain  indications  tdiat  the  amount  of 
autumn  rainfall  mi^t  influence  the  crop  of  the  next  season.  Even 
thcaiC^  no  irrigation  vas  planned  for  the  fall  period,  it  seems  highly 
desirable  to  consider  the  rainfall  year  to  begin  October  1 and  terminate 
Septeniber  30.  In  such  an  assuinptioa  a serious  error  in  calculatlcai 
could  occur  if  a very  light  rainy  season  is  followed  by  an  early  fall 
drcugjit  which  causes  excessive  mature  fruit  droppege.  Except  for  this 
contingency,  however,  the  assus^ion  seems  realistic. 

The  crop  year  of  1951-52  (the  first  of  the  current  experiment) 
would  be  influenced  hl^ily  the  rainfall  year  of  1950-51*  lot  order 
to  obtain  a general  idea  of  rainfall  conditions,  the  records  of  four 
stations  within  a 50-mile  radius  of  the  planting  for  the  four  rainfall 
years  (1950-51,  1951-52,  1952-53,  and  1953-5^)  are  shown  in  Tables  3, 

5,  and  6.  These  records,  together  with  their  averages,  might  in  a 
general  way  t;ype  the  conditions  as  to  rainfall. 

Rainfall  records,  with  the  use  of  a standard  rain  gouge,  were  taken 
at  the  grove  headquarters,  about  one-half  mile  from,  the  site  of  the 
e3q«riments,  beginning  in  January  of  1953*  These  are  recorded  in  Tables 
5 and  6. 

The  amounts  of  precipitation  occurring  at  two  stations  in  rather 
close  proximity  to  each  other  often  vary  more  widely  than  does  the  rain- 
fall between  more  distant  points.  Note  the  differences  in  monthly 
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7!ABI£  3 


Preclpltatloa  at  Various  Statlcais  for  Period, 
October,  1950  throu^  September,  1951® 
(expressed  la  IndieB) 


Mouth 

Euatls 

Orlando 

Airport 

Orlando 
Water  Plant 

Bartov 

Average 

October 

11.85 

14.51 

11.12 

7.26 

11.18 

November 

0.06 

0.09 

0.04 

0.06 

0.06 

December 

4.31 

4.30 

4.38 

4.13 

4.28 

January 

0.50 

0.52 

0.59 

0.33 

0.48 

Pebruary 

2.53 

2.28 

2.54 

2.13 

2.37 

Iterch 

1.35 

0,96 

1.01 

2.63 

1.49 

April 

1.49 

5.99 

5.22 

8.4o 

5.28 

May 

O.liOb 

1.4o 

1.33 

0.45 

0,90 

JUne 

5.08 

5.51 

8.21 

6.27 

July 

6.85 

14.51 

15.04 

12.72 

12.28 

Au^st 

3.32 

7.84 

9.21 

8.10 

7.12 

September 

8.07 

9.34 

8.72 

5.82 

7.99 

TC7EAL 

b 

66.82 

64.71 

60.24 

g9»70 

^Frcxn  records  of  the  U.  S*  Heather  Bureau 
^^conplete  record. 
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TABI£  4 

Precipitation  at  Various  Stations  for  Period, 
October,  1951  throu#i  S^teniber,  1952* 
(eagjressed  in  Inches) 


Health  Eustis  Orlando  Orlando  &urtov  Avera^ 
Airport  Water  Plant 


October 

0,80 

3.08 

3.4o 

1.05 

2.08 

November 

3.75 

4.86 

4.27 

5.80 

4.67 

December 

2.A5 

2.08 

2.14 

1.18 

1.96 

January 

0.53 

0.70 

0.93 

0.69 

0.71 

February 

6.51 

5.47 

5.89 

5.26 

5.78 

Ifeurch 

5.81 

6.67 

6.08 

5.74 

6.08 

April 

0.91 

2.88 

1.82 

0.46 

1.52 

May 

4.18 

2.45 

2.23 

6.98 

3.96 

June 

3.80 

2.32 

2.72 

3.-70 

3*14 

JUly 

6.92 

4.43 

5.56 

8.28 

6.30 

August 

2.43 

6.51 

9.62 

7.58 

6.54 

September 

5.75 

4.94 

6.74 

2.98 

5.10 

TOTAL 

43.84 

46.39 

51.40 

49.70 

47.84 

®Prom  records  of  the  0.  S.  Weatlier  Bureau. 
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TABI£  3 

Precipitation  at  Various  Stations  for  Period, 
October,  1952  tbrougb  Septeaiber,  1953® 
(expressed  in  inches) 

JBHKT*  ' lilsxii  Orlando  Orlando  i^artov  Avera^  Apfintup* 

Airport  Water  Plant 


October 

5.96 

3.69 

3.71 

8.96 

5.58 

November 

0.55 

0.74 

0.69 

2.45 

1.11 

December 

1.20 

0.65 

0.34 

1.62 

0.95 

January 

2.95 

2.86 

3.21 

2.89 

2.98 

2.55 

Pebruary 

4.85 

2.89 

4.50 

2.68 

3.73 

3.00 

March 

3.03 

3.38 

1.45 

3.58 

6.05 

April 

6.1B 

5.30 

4.^ 

5.32 

6.12 

May 

I.U7 

1.87 

1.20 

0.87 

1.35 

1.91 

JUne 

k.k3 

6.26 

9.20 

13.74 

8.1j2 

5.81 

July 

6.55 

6.85 

5.57 

8.31 

6.82 

11.17 

August 

9.35 

15.19 

17.02 

7.73 

12.32 

9.47 

Septenflser 

8.20 

8.84 

11.58 

10.58 

9.80 

6.52 

TOOAL 

57M 

^9-07 

65-70 

65.69 

61.96 

®Apshava  remrds  taken  from  grove  records;  all  others  from  U.  S. 
Weather  Bureau. 
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TABX£  6 

Precipitation  at  Varioua  Stations  for  Period, 
October,  1953  through  Septeruber,  1954*^ 
(eacpressed  in  Inches) 


iMrteb 

Sustis 

Orlando  Orlando 
Airport  Water  Plant 

Bartov 

Avezttge 

Apahava 

October 

2,56 

3.50 

3-79 

3.22 

3*27 

2.00 

Hovmaber 

2,32 

4.78 

. 5.43 

5.97 

4.^ 

3.05 

December 

1^.90 

3.58 

3.75 

4.95 

4.30 

7.38 

January 

0.98 

0.45 

0.64 

2.53 

1.15 

0.66 

Pebruaiy 

1.5^^ 

1.16 

1.16 

2.34 

1.55 

0.94 

March 

1.28 

0.99 

1.12 

1.34 

1.18 

2.23 

April 

2.69 

4.44 

6.96 

6.12 

5.05 

1,79 

May 

2.92 

3.55 

3.49 

7.82 

4.44 

2.04 

JUae 

3.30 

5,81 

4.42 

5.24 

4.^ 

6.22 

July 

^.93 

13.64 

11.00 

8.85 

9.60 

7.35 

August 

6.47 

4.39 

7.47 

6.07 

6.10 

6.19 

September 

2.63 

3.99 

4.43 

2.88 

3,48 

6.35 

XCSAL 

36-52 

50.28 

?3«66 



— ^r4l 

45.20 

a 


Apahava  records  takea  from  grove  records;  others  from  U.  S. 
Weather  Bureau. 


rainfalls  whidi  occsured  at  the  Orlando  Alrpcart  and  the  Orlando  Water 
Plant,  vhich  are  only  four  miles  apart  4 

Statistical  studies  of  rainfall  records  from  stations  within  a 50« 
mile  radius  of  the  experimental  site  were  undertalsea#  Preliminary 
studies  indicated  that  th^  is  a hig^txly  significant  difference  in  rain- 
fall from  month  to  month,  hut  that  the  laonthly  records  from  the  different 
stations  rarely  show  significant  differences! 

The  monthly  rainfall  records  of  six  locations  (Orlando,  Bartow, 
Sistis,  Sanford,  Beland,  and  Ocala)  for  seven  years  (191B  throu^  1984) 
(20)  showed  a statistical  value  between  stations  for  month ^ of 

January  and  March  only4  These  are  months  of  normally  low  rainfall! 
Differences  of  statistical  value  for  years  hy  months  were  shown  in  every 
month  with  the  exception  of  August#  The  P values  are  given  in  Table  7* 
Even  in  this  short  interval  is  shown  that  which  so  many  growers 
researchers  have  observed:  althou^  an  average  rainfall  may  he  calcu- 

lated for  each  mmith,  the  variations  mitering  into  such  averages  are 
wide#  So  wide,  indeed,  are  these  variations  from  year  to  year  that  not 
even  in  the  lifetime  of  a person  could  he  have  properly  saiqpled  rainfall 
for  an  individual  station* 

From  the  reawlts  of  these  studies  it  was  assumed  that,  althou^  the 
daily  rainfall  might  vary  between  locations,  the  mon-Uily  rainfall  will 
tend  to  level  off  such  differences* 

2*  Soil  Moisture 

Practically  all  of  the  water  used  hy  the  citrus  tree  is  taken  up 
through  the  root  system  from  the  soil,  Tlwrefore,  it  appears  to  he  a 


In 


TABLE  7 

¥ Values  from  Analyses  of  Variance  of  Rainfall 
Recorded  at  U.  S.  Weather  Stations  at  Orlando, 
Bartov,  Eustls,  Sanford,  Deland,  az^  Ocala^ 


Month  F Values 

’ For  yeaars  Tor  locations 


January 

20.336«» 

2.969* 

February 

25.5l»6»* 

0.708 

March 

90,990** 

2.697* 

April 

20.?6o*» 

0.682 

Hay 

15-539"* 

1.319 

June 

2.856» 

0.457 

July 

6.207** 

0.902 

August 

2.359 

0.688 

Septmnber 

10.380«> 

1.520 

October 

8.080** 

1.352 

Koveaaber 

22.586»* 

1.535 

DeceraOber 

9.506** 

1.022 

fflglHE  TEAR 

9.930** 

2.816* 

For  years:  Fq5  6,30  - 2.k2;  6,30  - 3*^7 

fbr  locations;  F05  - 2»53i  Fox  5>30  - 3»70 

^Reused  <m  records  for  1913  throui^  192k  taken  from  Florida  Agrlc. 
E:^t.  Bui.  200  (20). 
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reasonable  assoirgptloa  that  periodic  samplings  of  the  soil  for  moislaire 
determinations  mi|^t  give  a proper  clue  to  the  need  for  replenishing 
such  a Boil'vater  reservoir. 

At  the  beginning  of  the  \iork  it  vas  felt  that  periodic  sazig>lings 
during  the  spring  period  should  be  made  in  the  various  plots.  The 
author  {^)  had  previously  studied  soil  moislure  conditions  in  Arredcu^ 
fine  sand  planted  to  citrus  on  the  c»mpus  of  the  lAiiverslty.  Four 
borings  to  a depth  of  one  foot  vere  taken  on  each  sangling  date. 

Moisture  determinations  vere  made  from  each  boring  by  the  oven-dry 
method  and  the  average  percent  by  vel^^t  was  then  calculated.  When  the 
weekly  rainfall  was  graphed  against  the  veekly  soil-moisture  content, 
there  appeared  to  he  a satisfactory  correlation. 

With  the  esQiectation  that  a slmHar  system  ml^t  obtain  on  Lakeland 

fine  sand,  four  borings  vere  taken  from  the  0-12-lnch  depth  from  the 

middles  of  each  plot  at  Intervals  during  the  spring  of  1951  • Sach  set 

of  borings  was  mixed  by  hand  and  zun  as  a composite  sas^le.  Table  8 

are  given  the  results  of  sucdi  determinations  for  the  period  from  March 

31  throng  June  23  as  averages  of  four  plots  \mder  each  treaiaamat. 

That  the  moisture  content,  as  determined,  was  influenced  by  irrigaticxx 

is  indicated.  Bowever,  no  statistical  values  could  be  placed  on  the 

< 

differences  because  of  the  variations  in  the  moisture  contents  of  indi- 
vidual ccaiposites.  An  analysis  of  variance  indicated  that  apprcndmately 
30  such  sai^les  vould  be  required  to  detecrt  a mean  vildiin  five  percent 
of  tbe  true  mean  at  a 95  percent  confidence  level,  and  approximately  90 
at  a ccaufidence  level  of  99  percent. 
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tabus  8 

Soil  Moisture  Contents  in  Idle  0-12-inch  Depth 
under  Different  Treatzaents  in  1931 
(as  percentage  of  dry  vei^t) 


Date 

A 

Treataaent^ 

B 

C 

March  31 

2.87 

2.26 

2.52 

April  l4 

2,09 

2.34 

2.27 

April  28 

1.86 

2.04 

1.99 

May  12 

2.11 

1.88 

2.37 

May  26 

l.o6 

0.94 

1.10 

June  9 

l.4o 

2.12 

2.45 

Jbne  23 

2.20 

2.46 

2.50 

^ Irrigation  treatmoits  during  this  period  vere  as  foUovs:  Trea'bsent 

A,  ncme;  Treatn^t  B,  May  30;  and  Treatntait  C,  March  12,  May  8,  and 
May  30. 


During  the  spring  of  1952,  althou^  regular  sangpllngs  were  not  made, 
numerous  borings  vere  taken  to  depths  of  four  feet,  from  each  such 
boring  the  soil  was  separated  according  to  the  following  depths:  0-12, 
12-24,  24-36,  and  36-48  inches.  All  boxdngs  were  taken  from  Block  I and 
for  each  saagdlng  date  determinations  vere  made  of  con^sltes  of  three 
borings  for  each  depth.  The  data  from  these  determinations  for  the 
period  January  19  throu^  Jtdy  12  are  given  in  Table  9.  In  all,  26 
cozqposltes  for  each  depth  vere  run.  Bb  attempt  vas  made  to  relate  the 
moisture  ccntents  found  with  the  needs  for  Irrigation,  even  thou{^  there 
might  he  seen  some  influence  of  the  irrigation  treatments.  The  number 
of  borings  vas  not  sufficient  to  obtain  a satisfactory  mean,  nor  would 
time  pennit  the  taking  of  sufficient  samples  for  this  purpose. 

Sudi  borings  were  made  because  many  workers  have  considered  the  soil 
under  a tree  as  a water  reservoir  and  have  felt  that  any  jaroper 
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9ABI£  9 

Soil  Moisture  Oomtente  from  Block  I in  1952 
(Each  determination  represents  a congposite  of  three  borings) 


Bate 

Percentage  of  ^il  Moisture 
0-12"  ^36"  36-k&” 

Treatment 

January  19 

1.65 

2.73 

2.52 

2.75 

February  2 

2.55 

2.66 

2.50 

2.90 

February  l6 

3.92 

5.30 

5.69 

3.43 

March  1 

3.39 

4.34 

4.28  ~ 

4.52 

March  29 

3.16 

3.28 

4.24 

3.38 

May  10 

1.23 

2.70 

2.22 

1.62 

May  2U 

1.74 

1.44 

1.15 

0.61 

Jhne  26 

1.82 

2.82 

0.84 

0.58 

Treatment  B 

February  l6 

4.I18 

4.43 

3.46 

2.27 

March  1 

3.62 

3.88 

k.33 

H.57 

March  15 

6.25 

4.01 

3.^3 

3.04 

March  29 

3.02 

3.90 

4.05 

May  10 

1.38 

2.59 

2.07 

1.75 

May  21: 

1.96 

2.26 

1.23 

0.75 

June  28 

2.29 

2.77 

1.89 

1.70 

Treatment  C 

February  2 

2.84 

2.86 

2.43 

2.50 

February  l£ 

5.82 

5.30 

5.05 

3.98 

March  1 , 

2.84 

3.32 

3.80 

3.90 

March  15 

6.80 

6.27 

5.07 

2.78 

March  29 

3.06 

3.56 

3.90 

4.02 

May  10 

2.32 

2.84 

2.89 

2.77 

May  2k 

1.85 

2.00 

1.80 

1.68 

Jhne  28 

2.41 

2.20 

1.97 

2.20 

July  12  » 1st  saj^ling 

3.71 

2.22 

4.1B 

4.09 

2nd  sanqpling 

2.81 

3.42 

3.39 

3.53 

3rd  saogiling 

2.95 

2.88 

3.86 

4.16 

^ Irrigation  treatments  during  this  period  vere  as  follows:  Treatment 
A,  none;  TreatmMxt  B,  Jhne  5#  and  Treatment  C,  May  3,  and  JUne  5* 


determination  of  soil  moisture  must  contemplate  the  utilization  of  the 
entire  soil  profile  occupied  by  the  roots  of  the  plant*  Ford  (6) 
found,  as  previously  noted,  considerable  rooting  of  Rou^  lemon  in  the 
5-9-foot  depth  of  the  soil,  and  has  even  found  roots  at  a depth  of  17 
feet  in  cases  where  drainage  conditions  of  the  soil  would  permit,  Koo 
(l7)i  as  noted  above,  recorded  a certain  relaticmshlp  existing  between 
soil  moisture  and  amount  of  roots  at  the  various  depths  in  the  soil. 

The  author  has  felt  that  it  would  not  be  necessary  to  probe  the 
entire  soiJ  depth  to  gain  a knowledge  of  the  moisture  cmdltions  yvea~ 
ent,  provided  sufficient  seanples  were  taken  frcaa  a particular  profile. 
The  number  of  samples  required  to  calculate  the  total  water  resources 
would  definitely  be  prohibitive.  Therefore,  from  the  data  shown  in 
Table  9>  regression  correlations  of  the  moisture  content  at  depths  of 
12-24  Inches,  24-36  inches,  and  36-48  inches  on  that  at  depth  of  0-12 
inches  were  run.  ®ie  following  results  were  obtained: 


Depth 

Regression  equation 

r 

d.f 

12-24 

1.310  / 0.637i« 

.7990** 

24 

24-36 

1.145  / O.6513X 

.7221** 

24 

36-48 

1.630  / O.3899X 

.4651* 

24 

There  was  found  to  be  a hi^Oy  significant  correlation  between  the 
moisture  found  at  the  0-12- inch  depth  and  that  at  the  depths  of  12-24 
and  24-36  laches,  and  a significant  correlation  between  the  0-12- inch 
depth  and  that  at  the  36-48- inch  depth.  The  regression  equations  ex- 
press these  relationships.  Although  the  data  from  vhlch  the  correlations 
were  run  were  obtained  from  various  treatments,  the  depths  were  from  the 
same  borings.  These  data  would  appear  to  strengthen  the  conclusion  that 
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the  moisture  contents  of  the  d±ffer«xt  sections  of  the  soil  profile,  to 
the  depths  probed,  cure  related  and  that  borings  to  a particular  depth 
might  give  valuable  approximations  of  the  total  water  reservoir  condi- 
tion. It  is  further  felt  that  these  relationships  are  due  to  the  root- 
ing patterns  of  Idic  Bough  lanon  root-stock. 

1953  Koo  (17)  gave,  in  his  Table  moisture  contents  found  at 
the  following  depths:  0-6,  6-12,  12-18,  lS-2lt,  3O-36,  42-1*8,  54-60,  and 
66-72  inches.  From  this  table  42  sampling  dates  were  selected  at  random 
from  the  periods:  October  1 through  December  27,  1951;  February  4 
through  March  31,  1952;  and  JUne  5 thrcai^^  JUly  30,  1952.  Begression 
correlations  of  the  moisture  contait  at  the  vazlous  depths  on  that  at 
depth  6-12  inches  were  run,  with  the  following  results. 


Depth 

Regression  equation 

r 

d.f. 

0-  6 

-0.909  / 1.2593X 

.9253»* 

4o 

12-Jj8 

0.285  / O.8705X 

.9686IH* 

4o 

18-24 

0.106  / O.876CK 

.9134** 

4o 

30-36 

-0.003  / O.836IX 

.8c^f# 

4o 

42-48 

0.435  / O.6998X 

.6731'*^^ 

4o 

54-60 

1.288  / O.479& 

4o 

66-72 

1.506  / O.4566JC 

.4566** 

4o 

Here 

was  found  a high  degree  of  correlation  of  soil 

moisture  con- 

tents  for  all  depths  with  that  at  the  6-12-inch  depth,  and,  therefore, 
of  one  depth  with  another. 

In  order  to  test  the  equations  from  Koo's  data,  the  field  capacity 
flgires  from  such  equatioM  are  coopared  with  those  irtilch  this  worker 
fouxid  in  his  studies.  His  figure  for  the  moisture  content  at  the  depth 
of  6-12  inches  was  used  in  testing  the  equations.  Table  10  shows  these 
comparisons. 


TABI£  10 


Moisture  Contents  of  tAkelsnd  Fine  Sand  at  the  Field  Capacity 
as  Found  hy  Kx>  and  Calculated  from  Begression  Scjjaticms 


Depth 

in 

Found 

Calculated 

0-  6 

4.85 

5.05 

6-12 

4.73 

12-13 

4.33 

4.40 

18-24 

4.28 

4.25 

30-36 

4.08 

3.95 

k2-k8 

3.92 

3.74 

54-60 

3.^ 

3.56 

66-72 
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Further  tests  of  the  e<2uatlons  were  made  vith  figures  given  hy  Kbo, 


in  his  Tables  33  and  3^,  as  averages  of  36  borings  made  on  February  12> 
1953*  The  average  figure  gLveu  by  Kbo  for  the  6-12-inch  level  was  used 
in  testing  the  equations.  Beailts  are  shown  in  Table  11. 

TABLE  U 

Moisture  Contents  of  LBJtelend  Fine  Sand,  on  February  12,  1953, 
as  Found  by  Kbo  and  Calculated  from  Regression  Equations 


Depth 
in  < 

Found 

(i) 

Calculated 

W) 

0-  6 

4.08 

4.65 

6-12 

4.42 

12-18 

4.07 

4.13 

18-24 

4.02 

3.98 

30-36 

3.58 

3.69 

4^48 

3.60 

3.53 

5^60 

3.46  . 

3-41 

66-12 





to  each  of  the  two  tests  of  the  regressicaa  e<jiations,  satisfactory 


results  were  obtained.  The  conclusioa  appears  tenable  that  any  estimate 
of  soil  moisture  conditions  can  most  easily  be  Isgilemented  by  saiqpling 
the  6»12-lnch  dejrth  and  directing  the  tnaxiniim  attention  toward  large 


saisple  size  at  tMs  depth.  IXLffereacee  in  soil  textures  and  structures 
and  rooting  hehlts  of  the  trees  mst  be  taken  into  astslderatioa  in 
setting  up  the  regression  equatloaos. 

A further  test  of  the  equations  vas  made  with  figures  given  by  Kbo 
(l7f  p*  3^)  showing  the  soil  moisture  (Stents  found  at  permanent  wilting 
point  at  tl»  different  depths  cai  lakeland  fine  sand,  and  being  an 
average  of  ten  replicated  greenhouse  determinations  for  each  depth. 

Q^se  coopariscms  are  shown  in  Table  12. 

TABLE  12 

Moisture  Ocoitents  of  Lakeland  Tine  Sand  at  the  Permanent  Wilting 
Percentage  as  Ibund  Kbo  and  Calculated  from  Regression  B<;^ticms 


Depth 
in  inches 

Found 

m 

Calculated 

0-  6 

0.32 

0.10 

6-12 

o.8o 

12-i»8 

0.70 

0.86 

liS-72 

0.60 

3-»T7 

There  is  shown  to  be  no  agre<aaent  between  the  two  sets  of  figures. 
However,  one  ccmslders  that  those  obtained  by  Koo  were  taken  fTcaa 

soil  placed  in  containers  \xnder  greenhouse  conditions,  the  differ^ces 
noted  can  be  Justified.  Ihider  actual  field  conditloas  the  0»6->inch 
depth  is  acted  upon  by  surface  evaporation.  The  moisture  content  would 
be  reduced  below  the  permanent  wilting  percentage,  even  though  not 
cuTfected  by  withdrawals  by  the  plant-root  system.  Ilbe  fair  agre«aaat 
in  the  depth  of  maxiiann  rooting  (12-^  inches)  is  reasonable.  Obe 
agreement  at  the  ^td-TS-iz^ch  depth  again  is  not  good.  Here  the  lesser 
amount  of  rooting  under  field  conditions  IzrClJuences  the  moisture  percent- 


age at  the  point  of  pezmsnent  wilt  and  it  is  entirely  feasible  that  the 
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soli  at  this  depth  nay  never  reach  the  low  moisture  contents  found  In 
the  laboratory,  Kay  (15)  and  Jamison  (I3)  noted  the  differences  found 
in  soil  moisture  due  to  root  permeation,  axid  Moo  (17)  found  that 
moisture  loss  at  'Uie  different  depths  held  some  relationship  to  amount 
of  rooting  at  these  depths.  It  is  felt,  therefore,  that  the  percentage 
of  moisture  at  the  permanent  wilting  point  calculated  by  the  eciuatlons 
might  more  closely  resemble  the  condition  ead  sting  under  actual  field 
situations  than  that  found  by  laboratory  methods.  It  would  further 
appear  that  pernanent  wilting  percentages  found  in  the  laboratory  afford 
little  information  of  direct  value  to  the  field  worker. 

Soil  sampling  was  continued  during  the  spring  of  1953  with  borings 
taki^  from  the  6-12»inch  depth.  This  depth  was  used  since  it  was  con- 
sidered more  representative  of  soil  in  which  surface  evaporation  was 
minimized  and  plant  withdrawals  maximized.  Each  figure,  as  presented  in 
Table  13,  represents  the  average  of  four  plots  under  the  particular 
treatment,  which  in  turn  were  the  coogjosites  of  six  boring^  per  plot. 
There  was  again  found  to  be  scxne  relationship  of  moisture  content  to 
trealanent.  Based  upon  the  figures  for  the  four  plots  \inder  Treatmaxt  A 
(no  irrigation)  it  was  found  that  the  following  numbers  of  sa&iples  (each 
a coDiposite  of  six  borings)  would  be  required  to  estimate  a mean  within 
five  percent  of  the  true  mean  at  the  two  confidence  levels. 

Sanq>le  Size  Based  on  Analysis  of  Variance 

Confidence  level  Saa^les  required  to  obtain  a mean  within 

the  given  percentage  of  the  true  mean: 

% 1%  2!yf> 


99f> 

99lt 


25 

45 


6 

11 


3 

5 


2 

5 
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TABLE  13 

ScdJ.  Moisture  Cbatents  in  the  Depth  under  Different 

Treatments  in  1953 
(as  percentage  of  dry  vei^Jit)  . 


Date 

A 

Tpsatment^ 

B 

C 

Anuary 

3 

1.78 

1.96 

1.97 

Jeoxuary 

29' 

2.88 

2.78 

2.88 

Febmaiy 

14 

2.66 

3.05 

2.93 

February 

26 

2.02 

2.44 

2.23 

March 

14 

3.20 

3.00 

3.23 

March 

26 

3.46 

3.16 

3.23 

April 

31 

3.04 

3.30 

3.46 

April 

25 

2.80 

2.78 

2.93 

May 

23 

3.26 

3-32 

4.11 

June 

8 

3.75 

3.85 

4.32 

June 

16 

hSl. 

2.98 

3.60 

^ Irrigation  treatments  daring  this  period  were  as  follows:  Treatments 
A and  none:  and  Txeatment  C,  March  17,  and  tfey  12. 


Kbo  (17)  f«nid  ttot  for  a eonfidfiaice  level  of  95?&  at  tl»  6-12-inch 
depth,  46  single  borings  would  be  reijoired  to  obtain  a mean  within  five 
percait  the  true  mean.  Oonparing  this  figure  with  that  obtained  T:^ 
the  author,  it  would  appear  ti^t  ccmipositing  the  six  borings  per  indi- 
vidual determination  reduced  the  number  of  such  detormlnatlaQS  frcm  46 
to  25,  but  that  150  (25  x 6)  individual  borings  would  be  re^pilred  against 
only  46  for  Eoo's  method. 

Regilar  soil  moisture  detenninaticmis  we3re  made  trcsa  samples  taken 
from  the  southeast  comer  (drip)  of  five  particalar  trees  in  each  treat- 
ment of  Block  I during  the  spring  of  1954*  Sach  boring  was  made  from 
the  6-12-incb  depth  and  run  as  a sexiarate  determination.  Zn  Table  l4 
are  given  the  averages  for  the  different  treatments. 

These  soil  moisture  detemlnations  showed,  a^ln,  tl^  iiUriuence  of 
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TABIE  14 

Soil  Moisture  Cbntents  in  the  6-12- inch  Depth  xmder  Different 

Treataents  in  195^ 

(as  percentage  of  dry  veigiit} 


Date 

A 

Treatmentl 

B 

c 

February  I3 

2.68 

2.91 

2.73 

March 

13 

4.03 

3.33 

3.44 

Mardi 

27 

3.55 

2.94 

2.93 

April 

10 

3.84 

3.14 

3.46 

Ajaril 

24 

4.56 

2.69 

3-05 

May 

15 

3-99 

3.30 

3.74 

Nay 

29 

2.73 

3.35 

4.34 

26 

hll 

3.97 

4.60 

^ Irrigaticn  treatm^ts  during  this  period  vere  as  follovs:  Treatoent 
A,  none;  Treatment  B,  May  S4j  and  Treatment  C,  April  26,  May  24,  and 
Ame  21. 


irrigation  tz^tmenta.  However,  at  no  time  during  -Use  experiments  vas 
complete  confidence  placed  in  the  soil  saxopliugs  hecause  of  the  incon- 
sistent results  due  to  insufficient  sa&ple  size.  Further  saugpllzigs  vere 
precluded  because  of  the  tljme  element  involved  In  the  vork. 

In  concluslcm,  it  would  seem  apparent  that,  at  best,  soil  san^llng 
for  moisture  determinations  viU  be  of  value  <mly  to  ascertain  trends; 
no  practical  use  can  be  made  of  it  under  c^aidititais  of  actual  field 
operations  in  citrus  grove  manag^iient  because  of  the  very  large  number 
of  botrings  required. 

• 3.  Leaf  Moisture 

The  author  (50)  studied  moisture  salauatlon  of  leaf  and  twig  of 
certain  varieties  of  citrus  as  an  indication  of  soil  moisture  conditions. 
In  conduslcn,  it  vas  stated:  "!Ihe  twig  and  leaf  moisture  content  of 

Florida  citrus  is  not  a reliable  index  ^ soil  moisture  content  and  for 
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comtaerclal  groweiMS  la,  therefoire,  not  a satisfactory  means  of  determin- 
ing vbather  supoplemental  moisture  is  needed  to  maintain  the  proper 
moisture  balances  In  the  tree."  This  conclusion  appeared  to  be  Justifi- 
able due  to  the  hi^  effect  of  relative  humidity  upon  moisture  loss 
from  the  leaf  under  any  soil  moisture  regime. 

Nevertheless,  It  was  felt  that  the  above  conclusion  should  be 
tested  under  the  condltlcMis  at  the  Apshava  Groves,  Accordingly,  in  the 
spring  axid  summer  of  195^  collections  of  fuUy-grovn  leaves  of  the  spring 
flush  were  made  at  regular  Intervals  from  the  treatmait  plots  of  Block 
I.  On  eadi  collection  date  three  sanqples  were  taken  from  individual 
trees  vinder  each  treatm^t.  A senile  consisted  of  20  leaves  from  a 
particular  tree,  five  from  each  cardinal  point  of  the  cca^pass,  taken  be- 
tween Hi 30  a.m.  and  12:30  p.m. , and  iimnediately  placed  in  rubber- 
gasketed  Jars.  The  fresh  weight  was  obtained,  after  which  the  leaves 
were  dried  in  an  oven  at  105°  C.  for  2k  hours.  The  loss  is  recorded  as 
the  percent  of  fresh  weight.  3ix  Table  15  are  given  the  results  of  these 
determlnati(»3  as  averages  of  the  three  collections  from  each  treatment. 

In  Table  15  is  also  given  the  analysis  of  variance  for  the  dates 
May  15  throu^  JUly  2k,  during  whiiA  period  the  effects  of  the  treat- 
ments mi^t  be  noted.  It  will  be  seal  that  the  variLationa  between 
individual  trees  were  statistically  highly  significant  and  that  the 
greater  portion  of  such  variation  was  contributed  by  differences  between 
treatments,  tinfortunately,  however,  the  differences  in  moisture  under 
the  single  irrigation  treatment  vs.  no  irrigation  were  not  of  signifi- 
cance. The  great  differences  occurred  in  ccrmparisons  of  Treatments  A 
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TABLE  15 

Moisture  Ooutents  of  Spring-Flush  Leavos  In  195^ 
(as  percentage  of  fresh  weig^at) 


TSUte 

A 

Treatmentl 

B C 

April  1X5 

72.2 

72.2 

72.7 

April  2^ 

67.7 

67.7 

67.9 

May  15 

65.2 

65.3 

66.0 

Jaae  12 

63.9 

64.0 

65.3 

June  26 

63.2 

63.6 

67.1 

JUly  10 

6^.1 

64.5 

66.7 

JUly  2h 

63.6 

Sii. 

65-9 

^ Zrrigatim  treatments  during  this  period  vere  as  foUovs: 

Treat- 

meat  A,  none; 

Trestmaat  B#  IfcQr 

and  Treatment  April  26^ 

t 

May  2^;  and  JUne  21. 

Analysis  of  Vaxlanoe 

For  dates  May  15  through  JUly  24 

Source 

d.f. 

88. 

nss* 

F 

Total 

S§M 

Dates 

4 

9.09 

2.2725 

2.442 

Trees 

8 

57.80 

7.2250 

7.764** 

Plots 

2 

45.36 

22.68 

10.941** 

Trees  within  plot  6 

12.44 

2.073 

Error  (dates 

X trees) 

g-78 

°-9306 

32  - 2.6li  FqI  32  - 3-97  « for  Oates 
Fq5  8,  32  - 2.25;  Fq^  8,  32  - 3*12  - for  trees 
Fq5  2,  6 - 5*1^;  FqI  2/  6 -lO.^  - for  plots 
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and  B vlth  Treatment  C.  It  appears  that  the  greater  soil  moisture 
occurring  with  the  repeated  irrigations  of  treatment  C increased  on  all 
collection  dates  the  percentage  of  moisture  in  the  leaves. 

There  is  an  indication  here  that  leaf  moisture  may  he  increased  by 
increased  soil  moisture  contents.  Frcxn  the  practical  stoiulpoint,  hov- 
ever,  further  work  must  be  undertaken  to  determine  whether,  and  in  what 
way,  these  differences  may  be  useful. 

B.  Studies  of  the  Effect  of  Irrigation  on 
Fruit  Yield  and  Quality 

1.  Yield 

iXiring  each  of  the  four  years  the  treatment  plots  were  picked  and 
the  yields  calculated  in  boxes  per  tree  (Table  l6). 

During  each  year  under  study  there  was  an  increase  in  yield  in 
plots  which  received  supplemental  water.  The  data  for  the  seasons  1951- 
52  failed  to  show  differences  with  95  percent  ccmifidence.  Ho  statistical 
significance  can  be  placed  on  the  data  for  the  seasons  1952-53  and  1953- 
54.  However,  the  results  for  1954-55  showed  highly  significant  differ- 
ences between  treatments  and  \rtien  the  data  for  the  entire  four-year 
I>eriod  were  analyzed  significant  differences  were  again  shown.  These 
plot  averages  are  also  shown  in  Table  l6. 

IXie  to  the  alternate-bearing  habit  of  grapefruit,  yearly  fluctua- 
tions in  yields  are  to  be  ea^cted.  The  significance  shown  for  the 
cumulative  yields  over  the  four-year  period  would  be  eaqpected  due  to  Ihe 
consistent  increase  in  yield  of  the  irrigation  treatments  over  the  ncai- 
Irrigated  plots.  These  cumulative  figures  indicate  that  there  are 
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Mistily  slgoificant  differences  In  yields  far  irrigation  vs  non- 
irrigation,  and  significant  differences  for  irrigation  at  tengporary 
vilt  vs.  irrigation  applied  to  saintaln  soil  ncisture  level. 

The  citrus  grower,  however,  is  Interested  in  the  econcclcs  of  the 
operation.  The  average  cost  of  an  application  of  two  and  one-half 
acre-inches  of  water  is  approxliDately  ^3*00  per  acre.  Tbs  data  pre- 
sented in  Tahle  17  mxbstantlate  the  theory  that  irrigation  is  an 
operation  which  may  prove  econoraicany  sound  with  good  management. 
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TABZ£  16 

Yields  of  Marsh  Grapefruit  per  Tree^ 
for  Season^  Block,  and  Treatment 
(e:spressed  in  field  hooces  of  2l2  bushels) 


Seawoo  Block 

A 

Treatment 

B 

C 

F value 



05  85 

1951-52  I 

14.8 

15.4 

17.5 

• 

n 

12.1 

17.4 

19.3 

m 

13.8 

15.3 

15.5 

17 

l4.o 

15.4 

15.0 

Average 

13.6B 

15.88 

16.82 

4.561 

1952-53  I 

11.1 

10.8 

11.5 

n 

7.3 

U.3 

14.2 

m 

8.1 

9.2 

9.1 

17 

9.4 

10.6 

I0i6 

Average 

8.98 

10.48 

11.35 

2.4o6 

1953-54  I 

17.3 

16.6 

19.7 

ZZ 

15.5 

19.4 

20.3 

ZZZ 

17.4 

16.4 

17.4 

Z7 

16.7 

19.5 

16.0 

Average 

16.72 

17.98 

18.36 

0.873 

. 

1954-55  z 

n.2 

n.9 

12.7 

n 

9.4 

12.0 

14.5 

ZZZ 

10.2 

12.9 

13.8 

Z7 

n.5 

13.4 

14.6 

Average 

10.58 

12.55 

13.90 

iB.276»* 

0.142  0.222 

Average  for  all 

plots  and  years 

14.22 

15.11 

45.424*» 

0.718  1.126 
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TABIE  17 

OmilativB  Figures  of  Costs  and  Froductlon 
for  the  Pour  Years  of  the  Study 


A 

Treatment 

B C 

Boxes  per  tree,  for  four  years 

^9.96 

56.89 

60.43 

Boxes  per  acre,  for  four  years 

2498.00 

2844.50 

3021.50 

Increase  in  boxes  per  acre 
over  Idiat  of  Treatment  A 

346.50 

522.50 

Humber  of  irrigation  applications 

0 

3 

11 

Cost  per  acre  for  irrigation 

$45.00 

$165.00 

Cost  per  box  of  additional  boxes 

If,  as  considered  tnsder  '*Ths  Esqperlmental  Treatiaents",  the  period 
of  January  throuj^  JUne  is  Vae  critical  period  for  moisture,  it  is  of 
interest  to  ziote  the  yield  results  of  the  four  years  with  respect  to 
rainfall  during  this  period.  In  Table  iB  certain  calculatloas  are  pre- 
sented. The  increased  yields  for  irrigation  treatments  appear  to  be 
related  to  the  amount  of  rainfall  fca*  this  critical  period  of  January 
throng  JUne.  Hb  better  fit  was  found  for  other  rainfall  periods. 
Furthermore,  it  would  follow  logical  reasoning  that  any  deficiencies  of 
moisture  at  the  time  of  fruit  set  and  early  aiding  would  result  in  crop 
reducti<uis . 


In  considering  the  figures  in  arable  l8  the  factor  of  distribution 
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TABUS  IB 

RelatloosMp  between  Fruit  Frodaction  and  Rainfall 
daring  Period  January  tbrou^  Jbne 


1951-52 

Season 

1952-53  1953-54 

1954-55 

Boxes  per  tree 

Treatment  A 

13.68 

8.^ 

16.72 

10.58 

Treatment  B 

• 15.88 

10.48 

17.98 

12.55 

Treatment  C 

16.82 

11.35 

18.36 

13.90 

Rainfall  in  inches. 

January  throu^  Jbne 

16.79 

21.19 

25.38 

18.06 

Increase  In  boxes  per  tree 

Treatment  B over  Treatment  A 

2.20 

1.50 

1.26 

1.97 

Treatment  C over  Treatment  A 

3.14 

2.37 

1.52 

2.32 

Percent  of  increase 

Treatment  B over  Treatment  A 

16.1 

16.7 

7.5 

lB.6 

Treatment  C over  Treatment  A 

23.0 

26.4 

9.7 

21.9 

Rnmber  of  irrigation  applications 

Treatm^t  A 

0 

0 

0 

0 

Treatment  B 

1 

1 

0 

1 

Treatmait  C 

k 

2 

2 

^ 

of  rainfall  louat  be  talcen  into  account.  Deficits  daring  the  early  part 
of  the  period  nay  be  overcome  by  excesses  daring  the  latter  portion,  car 
the  reverse  condition  may  obtain.  Intensity  of  rainfall  is  also  of 


is^rtance.  A mmber  of  li^t  rains  extended  over  a period  may  not 
total  as  many  Inches  of  water  as  may  fall  in  one  24»hour  period  in 
Florida.  Certainly  the  first  pattern  may  at  times  be  superior  in  crop- 
producing  effect  to  the  seccmd.  While  certain  concluslans  may  be  drawn 

from  the  present  studies,  further  study  of  rainfall  patterns  in  Florida 
should  be  made. 


59 


2.  Size 

During  the  season  1951'~52  random  fruit  from  the  trestiamat  plots  in 
Block  I vere  tabulated  for  size  and  recorded  in  Inches  of  cross-sectional 
diameter.  Ho  distinction  vaa  made  for  clustered  or  singly-held  fruit, 
and  fruit  vas  included  from  all  sides  of  the  trees.  These  measureiaents 
are  shoun  in  Table  I9. 


TABIS  19 

Size  of  Fruit,  in  Inches,  for  Treatments 
in  Block  I during  Season  1951**52 


Treatment  A 

Treatment  B 

Treatment  C 

Date 

Mimber 

Average 

Huzober 

Average 

HUznber 

Average 

Fruit 

Size 

Fruit 

Size 

Fruit 

Size 

Hovember  10, 

1951 

722 

3.96 

783 

3.6L 

421 

3.74 

November  24, 

1951 

209 

3.67 

200 

3.73 

219 

3.80 

Dec^iber  8, 

1991 

199 

3.74 

199 

3.80 

200 

4.16 

March  1, 

127 

3-80 

119 

3-78 

104 

3.91 

A coogdete  tabulation  vas  made  on  Hovember  1951#  using  approxi- 
mately 200  fruits,  borne  singly  or  in  clusters,  randomly  selected  and 
sized  from  the  buffered  trees  in  each  plot.  !K)e  averages  fcxr  the  treat- 
ments were  as  foUovs:  Treatment  A - 3*66  inches.  Treatment  B • 3*75 
inches,  and  Treatment  C - 3*79  inches,  with  an  F value  of  4.788. 

During  the  remaining  crop  seasons,  size  studies  vere  made  only  of 
fruit  held  singly.  During  the  seasons  1952-53  and  1953-54  such  fruit 
vas  from  the  south-east  comer  of  the  tuffered  trees,  but  daring  the 
season  1994-99,  due  to  the  hedging  operation,  fruit  vas  randcmly 
selected  from  the  east  side  of  'Uie  sttne  buffered  trees*  These  data  are 
given  in  Table  20. 
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TABI£  20 

Ctoss-Sectianal  Diameter  of  Fruit  for  the  Varicus  Treatmente 
Seasons:  1952-53,  1953-5^,  195^55 
(expressed  in  inches) 


Season  Date 

Treatment 

A B 

c 

F value 

1952-53  Decenher  20,  1952 

4.0B 

4.20 

4.14 

0.736 

1953-54  Ally  3,  1953 
Ally  2B,  1953 

3.02 

3.1B 

3.01 

3.16 

3.02 

3.14 

0.074 

1.162 

1954-55  Arne  26,  1954 
Ally  24,  1954 
Hovember  6,  1954 

2.92 

3.36 

4.09 

3.03 

3.39 

4.04 

3.05 
3.41 

4.06 

2.472 

1.632 

0.253 

Ajxy  increase  in  size  of  the  Individual  fruit  may  he  hif^hly  de- 
sirahle^  provided  that  the  fruits  do  not  heaxae  puffy  or  develop 
exrtretoely  large  sizes  unsatisfactory  for  congnerclal  handling.  With 
Harsh  grapefruit  on  Bou^  lemon  rootstock  the  individual  fruits  are 
sometiiass  too  (vith  excessive  nunibers  of  size  9^  and  smaller)  for 

good  cQosaerclal  in  the  fresh  fruit  trade,  hut  mcare  oft^  they 

are  within  the  size  groups  (64-,  70,  80,  and  9^)  which  fLz:d  desirchle 
markets.  Large  sizes  (54  and  larger)  are  not  in  narket  demand. 

As  the  laimber  of  fruits  home  hy  a particular  tree  Increases,  there  is 
a tendency  for  the  size  of  ttie  individual  fruits  to  decrease.  This 
tendency  appears  to  he  very  marked  in  citrus  fruits. 

Xn  the  season  1951-52  there  was  an  apparent  Increase  in  fruit  sizes 
with  irrigation,  although  it  did  not  approach  the  95  percent  confidence 
level.  Such  differences  were  noted  on  several  ln^)ection  dates 
(Tahle  19)  and  <x»tlnaed  to  he  apparent  tmtll  the  fruit  was  hecosing 
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senile  la  March.  2h  Table  21  coo{>arlsozu3  are  shown  of  fruit  sl:^  and 
croip  for  this  seascxa. 


table  21 

Belatlonship  between  Size  of  Individual  Fruit  and  Size 
of  Crop  xinder  Various  Treatments  for  Season  1951-52 


hvii  'Size' 

(inches 

Crop  per  tree 
iboxes) 

Treatment  A 

3.66 

13.68 

Treatmient  B 

3.75 

15.88 

Treatment  C 

3.79 

16.82 

Increase  in  size 

Percent 

Percent 

Treatment  B over  Treatment  A 

2.5 

16.1 

Treatmmit  C over  Treatment  A 

M 

,^:,0 

A study  of  Table  21  would  indicate  ttmt  a portion  of  tbe  increased 
crop  was  due  to  increases  in  size  of  tbe  individual  fruits^  but  that 
the  greater  part  of  the  increase  was  due  to  increased  xanobers  of  fxruit 
set  (or  held  against  droppage)  irrigation.  lib  record  was  taken  of 
percentage  of  blosscans  which  set  fruit,  or  of  amount  of  fmit  vhidi 
dropped  during  the  q;alzig  months.  Bb  exceptional  droppage  was  noted, 
however. 

During  the  remaining  three  seasons,  the  differences  in  sizes  failed 
mtirely  of  slgiiflcance  and  were  of  nuch  less  magnitude  than  those 
found  in  the  season  of  1951-52.  During  the  season  195^55  an  apparent 
increase  in  fruit  size  in  the  irrigated  plots  was  found  in  Jbne.  It 
became  less  noticeable  in  Jhly  and  was  practically  Lost  in  Bovernber. 

The  larger  sizes  of  the  fruit  for  the  season  1952-53  objx  be  attributed 
to  the  smaller  crop  of  that  year.  195^55  larger  sizes  were 
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developed  in  all  treatments,  apparently  due  to  the  hedging  operation  of 
April,  195^,  ■which  Increased  the  root/"top  ratio  of  the  "tree.  An  tm- 
deteimlned  amaint  of  fruit  was  removed  in  this  hedging  operation.  As  a 
comnercial  practice  it  would  have  been  more  satisfactory  to  have  com- 
pleted the  hedging  operation  prior  -to  -the  hlooming  period. 

The  size  studies  appear  •fco  show  that  increased  yields  due  to  ini  - 
gatioQ  itust  be  obtained  chiefly  from  ei'tlier  a greater  number  of  fruit 
set  or  a lesser  number  of  drops  -throughout  the  growing  season.  The 
lat'ter  appears  to  be  the  case  ■with  the  present  research.  PurthenaorQ 
the  size  of  the  individual  fruits  is  definitely  related  to  the  leaf  area 
per  fruit. 

Ho  particular  benefit  from  increase  in  size  of  individual  fruits 
would  seem  to  have  been  derived  from  irrigation  practices  diir^ng  this 
study.  This  conclusion  la  stifled  by  the  fact  that  no  correlations 
can  be  drawn  between  size  of  individual  fruits  and  amount  of  rainfall, 
either  for  -fche  assumed  czdtlcal  period  of  Jaxmary  throu£^  JUne,  or  the 
entire  year.  The  differences  in  fmlt  sizes  between  trea-tments  ob-tained 
during  the  season  1951-52,  the  season  of  least  i^pring  rainfall,  leads  to 
the  poaslblllty  of  influ^ces  in  this  direction  during  years  of  severe 
drought* 

3*  Jhice  Ocaatent 

As  a general  rule  Irx^gation  treatments  tended  -to  show  an  Influence 
in  -the  diirectlon  of  increased  Juice  c<xi-tent,  althou£^  in  no  case  were 
differences  of  statistical  significance  shown.  Often  the  Juice  con-tent 
is  increased  immediately  following  an  Irrigation  opera-tlon,  only  to 
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become  less  noticeable  as  tlie  season  progresses.  When  the  entire  data 
for  Juice  content  vere  analyzed  a sigoificant  F value  was  obtained 
althcu^  the  differences  have  no  practical  value  to  the  grower.  In 
Table  22  is  given  the  results  of  treatments  on  Juice  cmtent. 

TiU3I£  22 

CJontent  of  Jliice  per.  Fruit  under  Various  Treata^ts 
for  the  Four  Seasons 
(in  i&l.) 


Season 

Date 

3h:^t  Treatment 

Size  A B 

C 

F value 

1951-52 

December  8,  1951 

96 

159.50 

166.75 

170.50 

2.286 

1952-53 

Hovariber  8,  1952 

8o 

193.25 

201.75 

209.50 

4.008 

December  5,  1952 

8o 

222.00 

232.50 

221.00 

2.621 

1953-5i^ 

September  12,  1953 

96 

144.25 

148.00 

153.50 

4.593 

October  26,  1953® 

80 

211.75 

211.75 

216.25 

0.327 

October  26,  1953® 

80 

226.50 

220.25 

232.25 

1.560 

Hova^r  21,  1953 

96 

1B7.50 

IS9.5O 

191.25 

0.065 

195^^-55 

September  25/  195^ 

80 

:iB3.75 

185.50 

IS6.75 

0.109 

September  25,  195^ 

96 

176.25 

181.50 

179.00 

0.325 

October  9/  195^ 

80 

193.00 

196.00 

193.25 

0*161 

October  23,  195^ 

a 

283.50 

288.50 

2B3.5O 

0.240 

Hovember  20,  135h 

70 

g^9-75 

^9.00 

243.75 

0-^ 

* Variatlms  in  ^ce  <MOtent  between  tests  on  this  date  due  to  method 
of  eoctraction  by  operatm^. 


Tbe  Juice  cont^t  varied  widely  betwe^  dates  of  seedling.  A 
portion  of  this  variaticHx  was  due  to  tbe  fact  that  fruit  was  of  dif- 
ferent sizes  on  various  dates.  Furthermore,  the  Juice  content  Increases 
during  the  fall  months  as  the  fruit  reaches  its  prime  eating  conditioa. 

Although  there  is  a defi33Lite  trend  towaxd  Increased  Juice  cemtent 
as  the  result  of  Irrigatlan,  the  cxmaaercial  value  of  such  increases  is 
hl^ily  doubtful,  especially  in  view  of  tbe  decreased  perc^tage  of  total 
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soluble  solids  found  vl'tti  Irrlgatlcaa  treatments*  JUlce  content  of 
Florida  grapefruit  normally  runs  within  a satisfactory  range  froa  the 
standpoint  of  maturity,  while  the  percentage  of  total  soluble  solids 
is  often  the  determining  factor  between  good  fruit  and  poor  fruit  from 
•the  market  standpoint. 

U.  Soluble  Solids 

The  percentages  of  total  soluble  solids  were  determined  by  the  use 
of  the  Brix  hydrometer,  %fttile  calculations  of  pounds  of  total  soluble 
solids  per  box  were  derived  from  fonaxlae  given  under  "The  Methods  of 
Data  OoUecticm  and  Analysis.”  These  data  are  reported  in  Table  23. 

The  percentage  of  soluble  solids  in  the  Juice  was  in  every  case 
reduced  by  irrigation  applications.  The  sensitiveness  of  this  charac- 
teristic reducticm  is  shown  in  the  fact  that  the  hi^st  total  soluble 
solids  (in  percent)  was  found  to  be  present  in  the  year  of  least  rain- 
fall from  January  throu^  June,  coiqpled  with  the  fact  that  further 
additions  of  water  each  brought  about  Influences  toward  further  reduc- 
tions. This  reduction  of  soluble  solids  is  probably  the  most  character- 
istic result  of  irrigation  practices. 

Sites  (35)  called  attention  to  two  higi-sollds  years  (l94o-4l,  and 
19^2-43)  and  noted  that  these  years  were  characterized  by  unusually  low 
rainfall  during  the  months  of  June,  JUly,  August,  and  September.  Sites 
et  al.  (36)  showed  the  trend  toward  lower  solids  on  a percentage  basis 
to  exist  as  a reaxlt  of  irrigation  practices  and  thought  that  it  mi|^t 
be  a simple  dilution  factor  based  upon  Increased  Juice  volumes  occurzdng 
with  irrigation.  Voorhees  et  (45)  noted  a decrease  in  soluble  solids 
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in  Valencias  under  irrigation  trealanent,  accoB5>anlea  by  little  effect  on 
ratio  and  Vitamin  C content. 

It  should  be  noted  that  during  the  season  1953-54,  during  which 
Treatment  B plots  received  no  supplanental  water,  the  percentage  of 
soluble  solids  in  three  of  the  maturity  tests  showed  approacimately 
equivalent  values  for  both  Treatment  A and  Treatment  B.  Furthermore,  it 
was  dxiring  this  same  season,  with  rainfall  frcmi  January  through  JUne  of 
25.38  inches,  that  the  differences  in  percentages  of  soluble  solids  be- 
tween treatments  were  not  maintained  at  a significant  level. 

In  Table  24  are  summarized  the  data  from  tests  \daich  were  run  at 
approximately  the  same  time  during  each  of  tte  four  years  of  the  study. 
The  greatest  influence  in  reduction  of  solids  is  related  to  those  years 
with  »/he  least  spring  rainfall,  years  when  the  crop  response  from  irri- 
gation would  be  the  greatest.  Each  increment  of  supplemental  water 
appears  to  have  its  individual  response,  TMs  factor  has  seered  the 
greatest  argument  against  the  use  of  irrigation  when  not  entirely  neces- 
sary frtMn  the  standpoint  of  fruit  droppage  or  tree  health. 

A regression  correlation  of  percentage  of  soluble  solids  on  the 
amount  of  water  in  inches  applied  either  throu^  rainfall  or  irrigation 
was  run  on  the  figures  from  Table  24.  With  10  d.f.,  an  r value  of 
-0.7532**  was  obtained.  The  regression  equation  assunes  the  form: 

y s 11.9798  - 0.1457X 

where  Y is  the  expected  total  soluble  solids  in  percent  and  X is  the 
amount  of  water  applied  to  the  grove  in  inches  during  the  period  January 
through  JUne  either  through  rainfall  or  irrigation.  There  is  a definite 


TABX£  24 


Znflxience  of  Rainfall  and  SiC£i!plemsntal  Irrlgatlcm 
on  Percentage  of  Total  Solxible  Solids 


Bate  of  Maturity  Test 

l^^/^2  H/2l/$3 

ll/ao/54 

Fruit  Size 

96 

80 

96 

70 

Percentage  of  Soluble  Solids 

Treatment  A 

9.81 

9.36 

7.76 

8.68 

Treatment  B 

9.49 

8.94 

7.77 

8.lj8 

Treatment  C 

3.88 

8,72 

7.52 

7.98 

Statistical  significance 

♦ 

n.s. 

*» 

Rainfall  in  inches 

JazBiaxy  throu^  Jhne  16.79 

Rainfall  plus  irrigation  in  inches 

21.19 

25.38 

IB.06 

January  throu^  Jhne 

Treatment  A 

16.79 

21.19 

25.38 

1B.06 

Treatment  B 

19.29 

23.69 

25.38 

20.56 

Treatment  C 

24.29 

26.19 

30.38 

25.56 

Beducticm  in  percentage  of  solids 

Treatment  B over  Treatment  A 

.32 

.42 

.00 

,20 

Treatment  C over  Treatment  A 



.62 

.24 

.66 

relationship  between  available  moisture  and  percentage  of  soluble  solids 
In  the  ,)uice  of  the  fruit. 


Begresslon  correlations  of  percentage  of  soluble  solids  on  Juice 
content  were  run  on  Individual  znatorlty  tests.  Significant  r values  vere 
obtained^  indicating  that  a portion  of  this  reduction  is  due  to  dilution 
with  increased  ,^ce  c<mtent  fruit.  However^  some  portion  is  due  to 
a factor  or  factors  which  Impede  the  development  of  the  soluble  solids, 
since  os  shown  in  Table  23,  fruit  of  similar  size  but  produced  with 
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supplemental  water  contains  less  total  soluble  solids  per  box  than  does 
fruit  with  no  irrigation  treatment. 

Attention  should,  be  called  to  the  seriousness  of  any  dilution  of 
soluble  solids,  since  any  delay  in  building  up  the  solids  diiTHng  the 
season  or  any  interruption  of  their  reaching  nMufimnn  percentage  values 
retards  the  date  of  legal  maturity  and  further  reduces  the  value  of  the 
fruit  for  the  canning  and  concentrating  industries. 

Althou^  the  percentage  of  total  soluble  solids  ax^ared  to  be 

decreased  by  the  Irrlgatlcm  treatments,  there  was  a tendency  towaard 

higher  juice  contents.  With  a trend  in  the  Industry  toward  the  purchase 

of  fruit  on  the  basis  of  pounds  of  total  soluble  solids,  it  was  felt 

$ 

advisable  to  calculate  the  pounds  of  total  soluble  solids  per  box  of 
fruit.  She  figures  are  given  in  Table  23.  The  general  trend  was  toward 
a reduction  in  the  total  solids  per  box. 

Two  years  might  be  cong)ared.  In  the  season  1953-54,  with  25.38 
inches  of  rainfall  during  the  period  January  through  Jhne,  the  pounds 
of  solids  per  box  were  as  follows:  Treatment  A - 3.04,  Treatment  B - 

3.03,  and  Treatment  C - 3*00.  Analysis  showed  no  statistically  signifi- 
cant differences.  However,  in  the  season  1954-55,  with  IB.06  inches  of 
rainfall  in  the  January-June  period,  the  pounds  of  solids  were  as  fol- 
lows: Treataaent  A - 3-20,  Treatiaent  B - 3.l4,  and  Treatment  C - 2.94. 
Irrigation  treatments  reduced  the  amounts  of  solids  per  box  and  the 
differences  were  of  hi^  significance  with  an  F value  of  49.556. 

!Ihese  data  show  that,  althou^  a dilutlcai  effect  does  lower  the 
percentage  of  soluble  solids  under  Irrigation,  at  the  same  time  the 
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fruit  produces  a less  total  amount  of  these  solids.  It  is  also  apparent 
that  the  greatest  amounts  of  solids  ^e  developed  imder  low  rainfall 
conditions. 

5 . Add  Content 

The  percentages  of  anhydrous  citric  acid  were  determined  hy  titra- 
tion. Calculations  of  pounds  of  acid  per  box  were  made  with  use  of 
formulas  set  forth  imder  'The  Ifethods  of  Data  Collection  and  Analysis”. 
These  data  are  reported  in  Table  25. 

Applications  of  supplemental  water  had  the  effect  of  reducing  the 
percentage  of  anhydrous  citric  acid.  Such  a reduction  would  have  had 
an  influence  in  brlngirg  about  earlier  legal  maturity;  it  cerrtainly  had 
no  detrimental  effect  on  the  palatablllty  of  the  fruit  since  grapefruit 
grown  under  Florida  conditions  normally  has  an  excess  acidity*  The 
greatest  differences  between  treatments  occurred  during  the  year  1951-52 
xmder  low  January-JUne  rainfall , idiile  the  least  differences  were  found 
during  the  season  1953-5^>  with  25.38  inches  of  rainfall  during  this' 
same  period. 

Regression  correlations  of  percentage  of  tlti^table  acid  on  Juice 
content  of  the  fruit  run  on  the  data  of  Deceaiber  8,  I951  and  November 
8,  1952  failed  to  reveal  significant  r values.  It  appears  that  there 
may  be  a certain  dilution  effect,  but  that  other  effects  of  low  or  high 
rainfall  upon  percentage  of  citric  acid  must  also  be  present.  Such 
effects  were  not  as  constant  as  were  the  effects  on  percentage  of 
soluble  solids . 

Any  decrease  in  the  acid  content  of  Florida  grapefruit  would  make 
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for  a more  palatable  fruit  (provided  that  the  soluble  solids  cootent  was 
held  constant).  As  with  total  solids^  less  citric  acid  appecurs  to  be 
developed  in  grapefruit  produced  with  supplemental  water  than  in  that 
fruit  dependent  only  upon  natural  rainfall,  if  deficient.  Calculations 
of  acid  content  as  total  per  box  indicate  that  the  increases  in  soil 
moisture  thzx3U£^  irrigation  practices  have  an  influence,  as  is  shown  in 
Table  25.  In  the  1953-5^  season  of  high  spring  rainfall  the  pounds  of 
acid  per  box  were  as  follows:  Trealauent  A - 0.4775,  Treatment  B - 
0.4700,  and  Treatment  C - 0.4850,  the  differences  being  without  statis- 
tical significance.  With  lower  rainfall  in  the  spring  of  1954-55  the 
pounds  of  acid  per  box  were  as  follows;  Treatoent  A - 0.534,  Treatment 
B - O.51B,  and  Treatment  C - 0.504,  with  an  P value  of  10.454**  for  the 
differences . 

As  with  soluble  solids,  a dilution  effect  of  Increased  Juice  volume 
has  a tendency  to  decrease  the  percentage  of  anhydrous  citric  acid;  but 
there  is  a further  effect  of  lack  of  development  of  the  acid  imder 
either  supplemental  water  or  hi^  spring  rainfall. 

6.  Maturity  Ratio 

The  ratio  of  the  percentage  of  total  soluble  solids  to  that  of 
anhydrous  citric  acid  (the  solld/acid  ratio)  is  not  in  Itself  a good 
index  of  the  taste  of  the  fruit.  Nevertheless,  since  this  ratio  does 
enter  into  the  legal  maturity  standards  for  citrus,  the  results  obtained 
during  the  course  of  study  are  given  in  Table  26. 

The  effect  of  Irrigation  treatments  appears  to  present  a trend 
toward  a lowering  of  the  ratio.  However,  the  differences  are  sli^t 
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TABIE  26 

Maturity  Ratios  of  Marsh  Grapefruit  under  Yarlcjus  TreatciKits 


Season 

Date  of  Test 

Ftuit 

Size 

Treataent 
A B 

c 

F value 

1951-52 

December  8,  1951 

96 

6.89 

6.97 

7.05 

0.328 

1952-53 

November  8,  1952 

80 

5.85 

5.75 

5.80 

0.143 

December  5#  1952 

80 

6,22 

6.4l 

6.22 

0.758 

1953-5l^ 

Septenher  12,  1953 

96 

5.46 

5.62 

5.32 

9.a42» 

October  26,  1953* 

80 

6.44 

6.64 

6.20 

1.334 

October  26,  1953^ 

80 

7.00 

6,82 

6,56 

1.603 

November  2i,  1953 

96 

6.48 

6.66 

6.54 

0.835 

195^55 

September  25,  195^ 

80 

5.68 

5.82 

5.55 

2.552 

September  25,  195^ 

96 

5.64 

5.58 

5.42 

3.366 

October  9»  195^ 

80 

6.02 

6.19 

5.78 

2.564 

October  23,  195^ 

64 

6,ZJ 

6.34 

6.20 

0.734 

November  29j  195^ 



6«36 

^•35 

6.23 



seccasd.  test  of  this  date  was  highly  influenced  hy  the  higher 
percentage  of  soluble  solids  apparently  resulting  from  excessive 
Juice  extraction  by  -aie  operator. 


of  no  statistical  significance.  Any  practice  which  tends  to  reduce  this 
ratio  is  to  be  deprecated  luoder  Florida  conditions,  for  the  ability  to 
make  a passing  ratio  legal  standards  fcnr  grapefruit  is  difficult  at 
best.  The  lover  ratio  results  in  a loore  acid-tasting  fruit,  \dxile  a 
hl^ier  ratio  taxds  to  be  sweeter  and  more  acceptable  to  the  average 
palate. 

The  lowering  of  ihe  ratio  resulted  from  the  greater  reduction  in 
percentage  of  soluble  solids  than  in  percentage  of  tltratable  acidity. 
Influences  of  various  cultural  jxractlces  upon  this  ratio  are  regilarly 
observed  more  directly  as  Influences  upon  the  componaat  parts  setting 
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up  such  a ratio,  ffith  irrigation  the  greatest  Influence  is  displayed 
on  the  soluble  solids  content  of  the  fruit. 


V.  C0NC1XB1(»IS  AND  SIMIAR^ 


A.  Practical  Ooaclusioas 

1.  Effect  of  Irrigation  on  Yield  (boxes/tree). 

Irrigation  increases  the  yield  in  years  of  low  rainfall,  i.e.,  less 
than  20  inches  during  the  January-JUne  period.  In  wet"  springs  (more 
than  20  Inches  of  rainfall)  irrigation  does  not  increase  the  crop 
sufficiently  to  pay  for  its  cost. 

2.  Effect  of  Irrigation  on  Percentage  of  Soluble  Solids  and  Total 
Solids  per  Box. 

The  percentage  of  solids  decreases  with  irrigation.  Each  addi- 
tional increment  of  water  produces  further  decreases.  The  total  amount 
of  solids  in  pounds  per  box  decreases,  although#  due  to  the  increase  in 
number  of  boxes  per  tree,  the  total  amcwnt  of  solids  in  pamds  per  tree 
shows  a slight  increase. 

3.  Effect  of  Irrigation  on  Percentage  of  Acid  and  Total  Acid. 

Irrigation  decreases  the  percentage  of  acid  in  all  seasons.  While 
the  Influence  on  total  acid  is  less  pronounced  than  that  on  total  solids, 
it  can  be  said  that  the  total  acid  decreases.  An  Influence  of  this 
nature  would  in  itself  be  of  value  in  Improving  the  marketability  of  the 
crop  were  it  not  correlated  with  the  greater  decrease  in  solids. 

4.  Effect  of  Irrigation  on  size  of  Grapefruit. 

Irrigation  inci^ases  the  size  of  the  fruit  only  in  dry  seasons. 

In  wet  seasons  the  effect  of  irrigation  on  the  size  of  the  individual 
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fruits  is  ziegllglble. 

Effect  of  Irrigation  on  Jtiice  Ccmtent. 

The  Juice  content  is  only  slightly  increased  in  all  seasons,  tto- 
fortunately  the  increases  are  of  little  or  no  practical  importance  due 
to  the  much  greater  Influence  of  summer  rains  on  Juice  content  of 
Florida  grapefruit. 

« 

6.  Effect  on  Ratio  (Sollds/Acid). 

The  ratio  of  soluble  solids  to  acid  becomes  more  tmfavorable  with 
irrigation  because  the  percentage  of  solids  decreases  to  a greater  ex- 
tent than  does  the  percentage  of  citric  acid. 

7.  Timing  of  Irrigation. 

Soil  tests  for  moisture  proved  unsatisfactory  as  a guide  for  timing 
irrigation  treatments  due  to  the  very  large  number  of  saa^ples  required. 
Leaf  moisture  determinations  were  also  found  to  be  unsatisfactory.  For 
the  practical  grower  "temporary  wilt"  is  still  the  best  guide  for  timing 
applications.  Qrove  observatlcms  should  be  supplemented  with  studies  of 
current  rainfall  records. 

8.  Frequency  of  Irrigation. 

With  the  2^  acre-inches  per  application,  no  practical  differences 
in  yield  were  obtained  if  more  apx^catlons  were  made  than  necessary  to 
relieve  temporary  wilt.  Neveirtiieless,  there  are  indications  in  the  re- 
sults of  the  present  researches  pointing  to  the  profitableness  of  opera- 
tions based  on  anticipated  tree  wilt,  thereby  allowing  a safety  factor 
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in  the  case  of  large-acreage  operations. 

9>  £c<mcHnics  of  Irrigation. 

These  researches  show  that  only  in  dry  springs  (less  than  20  inches 
of  rainfall  In  the  period  January  throuf^  JUne)  does  Idie  Judicious  use 
of  irrigation  eopiijment  pay  in  Increased  boxes  per  tree.  In  wet  or 
normal  seasons  an  unwise  use  of  irrigation  may  retard  maturity  as  de- 
fined by  state  law  and  bring  about  a loss  of  palatability  and  marlset- 
ability  of  the  fruit. 

10.  This  study  dealt  with  25-  to  SO-yea^r-old  Marsh  grapefruit  on  Rough 
lemon  rootstock  on  Lakeland  fine  sand.  The  results  in  no  way  apply  to 
the  use  of  supplemental  water  on  young  or  non-bearing  trees,  or  on 
bearing  trees  on  poorly-drained  soils. 

B.  ^irnmary 

1.  Field  irrlgatim  studies  were  conducted  cm  Lakeland  fine  sand  planted 

to  Marsh  grapefruit  on  Rou^  lemcm  rootstock  over  four  crop  years.  A 
randomized  block  design  with  four  replications  was  set  up  to  study 
three  levels  of  supplemental  irrigation:  none,  sufficient  to  relieve 

temporary  wilt,  and  sufficient  to  assure  available  soil  moisture  at  all 
times  during  the  spring  months. 

2.  Statistical  studies  of  radnfall  recmrds  in  Florida  showed  that, 
while  there  are  significant  d±ffer«ices  between  months  and  years,  little 
differences  can  be  found  between  stations  within  an  area  of  100-mile 
diameter  over  an  entire  season  in  central  Florida. 
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3.  Soil  moisture  determinations,  taken  over  the  four  years,  showed  the 
influence  of  irrigation  treatments,  but  at  no  time  was  it  possible  to 
obtain  a sufficient  number  of  san^Jles  to  establish  any  value  \dhich 

be  used  as  an  indication  of  the  need  for  irrigation. 

4.  Statistical  studies  of  moisture  content  in  the  soil  to  a depth  of 
four  feet  showed  that  there  is  a correlation  in  soil  moisture  between 
depths  within  this  range.  Substantiating  evidence  is  drawn  frcmi  the 
work  of  Kbo  (17). 

5.  Supplemental  irrigatioa  increases  the  yield  in  boxes  per  tree,  but 
only  in  years  of  light  spring  rainfall  are  suob  increases  of  statistical 
significance,  or  of  practical  value  to  the  grower. 

6.  The  percentage  of  total  soluble  solids  in  the  Juice  is  decreased 
with  irrigaticHi.  Such  decreases  are  correlated  with  increases  in  Juice 

• 

content,  corroborating  the  conclusions  of  Sites  et  al.  (36)  that  such 
decreases  are  due  primarily  to  dilution.  There  is  shown  also,  however, 
a decrease  in  the  pounds  of  total  soluble  solids  per  bos. 

7»  With  indgation  there  is  a decrease  in  the  percentage  of  anhydrous 
citric  acid  as  well  as  in  the  pounds  of  acid  per  box.  The  influence  on 
acids  was  not  as  great  as  that  on  solids,  and  no  correlation  could  be 
shown  with  increases  in  Juice  content. 

8.  There  is  an  increase  in  the  size  of  individual  fruits  with  supple- 
mental irrigation  although  this  effect  is  marked  only  in  years  of  low 
sx>ring  rainfall.  Under  average  Florida  conditions  such  increases  appear 
to  be  of  no  practical  importance. 

9*  The  increase  in  Juice  content  fcamd  under  irrigation  treatments  is 
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of  statistical  value  but  of  little  camraercieO.  icsxjrtaiice  to  the  Florida 
grower. 

10.  The  iaflueace  of  irrigation  on  tdie  solids/acid  ratio  is  without 
statistical  significance.  The  slight  tendency  toward  a lowered  ratlo> 
however,  is  disadvantageous  from  the  standpoint  of  le^a  maturity, 

11.  All  of  the  above-noted  trends  were  increased  under  irrigation  aimed 
at  maintaining  soil  moisture  at  an  available  level  at  all  times,  ^en 
conq?ared  with  treatments  applied  singly  to  relieve  temporary  wilt  in 
the  trees.  Ho  accrued  values  could  be  drawn  from  increased  applica- 
tions over  those  sufficient  to  relieve  such  tecrporary  wilt.  In  fact, 
the  influence  toward  decreases  in  percentage  of  soluble  solids  militates 
against  the  practice  of  regular  applications  of  water  provided  the  trees 
are  not  allowed  to  become  wilted. 

12.  Tbe  use  of  irrigation  as  a regular  production  inactice  vmder  the 
conditions  of  the  study  is  of  doubtful  economic  value  except  in  those 
years,  such  as  1951-52  and  195^^*55#  vith  low  spring  rainfall. 

13*  No  absolutely  satisfactory  index  was  found  by  which  to  determine 
the  timing  of  irrigation  applications.  The  coofijination  of  observations 
of  tree  wilt  and  records  of  rainfall  aig)ears  to  offer  «ie  best  guide 
for  field  conditions  at  the  present  time. 
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